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I. 



FWCTlONAIaZBD P 0WMER S FOR SlTE-SPECIFiC ATTACHMENT 

nmwasiism 

Technical K>[rf 

Tte pr^en, invent , 0 [he preparatta of ^ 
polymers. More partcnMy, fc prKenl taveMio „ ^ 
for ,he »M chemical modilicalioa of .arger molecules, . . 
b™o,eca,es, MW, MM imponan, po,ype plidK , and „„„ 
Polyd,spersa rotate such as P „ aics (e . g ., polyelhyIene M 

Backg round 

Prapamions of polyene slycol-modifW ^ 
1. """"""^ ** - - — a io„ s er lifoUme fa lhe 

so 7v a ; Druss "' Hotabcrs and *• «- * 

asafa! ,„ a vane., of ttenpeuti<: applicalions such ^ 
effac, ashmen, of polye,^ glycol ^ „ , 

aroopa of *e polymer mas, firs, oa convert in,o ^ ^J, J ^ 

; T" y , rcfaral ,0 K ~ rad ,te — • - ~ £T 

r, o^° x,po yMMene 8iyco ' ( " mpEG "> **-«• ^ - - - 

' PraeC "" 8 e ™ P =" d on ,„= o,her end an elecrropl* ,ha, is reacUva 

— . p„ a pro,ei„ molecole have ten „ sed jn moM ^ ~ 

— common fom, of aciva,*, PEG us* f„ r p rcpratio „ of lherapeu , fe 

«•-. (1984) Cancer Bmchem. Biophys. 7:175-186). However, one major 
drawback is «*« ea K r nnJcag, be,wee„ „c po.ymar and succinic acid residue nas 
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limited stability in aqueous media. TheuseofPPr . 

»f lysine reaiduea. SeVOT , * *" ^ — W. on fc side chaiK 
"acuve fc TCtionaJ 6 °° PS of p EG are lyplcl% co 

(alkoxypolyethyleneglycoxv^Mc ••• * 2 " 

*«Wfl. EP539I67 (1993, ' „ * " * ( '"°> Bi ««». Tec. 

- — *™ PS , .. s . iL :;rr non - !iK 

*• po, Jm „ 8roops ^ *~ ' " " te N -«™^ — Sroup. such , hal 

o, lz ~ wi,h **** 

hereroeeeeoua. pa* "* are 

-noora a*, no[ " ~" " «• **. *« *. t „e reaeUoas are 

•-aH„e 5 ^^~I^~' 1CUVi,yOTa ™^ f 
Wean, ^ b , he 0TOVC ' *«™ion of ,he rarjet molecete b 

»f charge ,o „ Mcharged " ' ^ » upon , h e ta™,^ 

— « of a eharge pLTo ' "*' ^ " *" — - - 

«*- -n/of ~; aci r. idue ' TOy — - 

— T »™re aod ,Ke desuelTo^ ^ * «* 

»oa of Such charges* charge are 
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3. 



^ --"»- - —on is canied to complex Typical]y , ^ 
to number of po, y mera per moiecufe „ ^ ^ ^ ^ 

often decease ,„ e aceKsiMty „ f fc ^ ^ ^ ^ 

b.otog.ca. aclviues possessed by the unified po ly p= pl id, Mye^ene g.yeo, 
-nodded ^ is . [ypical exanlpfe „ he „ ex(ens . ve modification « 

complete loss of bioac,ivi,y (Tsutautni et „. (I994) Jp „ , ^ ^ 8J ^ 

In light of the ma„ y potential appUcaUons of polymer conjugated 
molecules, and panienlarly in view of lhe „, tos „„ p£G 

«- tn the art to inemaae the repertobe of mnedonaliaed po^or ule L 
.modtfymg^,,,^,,,^^^^ ^^^^ Accordingly there 
is a need in the art for functionalized polymers in addition to fiancdonmized PEG « 
«U as methods for lowing one t0 overcome the disadvantages inherent in and ' 
observed for the enrren, metheda of po.ymer anachmem, both for medictd and non- 
medtca, urea. For examp,e, there ia a need in the at, to provide (bncdonrdized 
polymen t that are capable of coupUng 10 maiduea of ^„ mo, K u,ea, e.g. amino 
«- «*. of pcypeptidea, „ iUl0UI anstoUy ^ ^ 
eestdue or wtthon, inuo^ en)llps . |ocateis ^ ^ ^ ^ 

~"T ° f *' mo,ecu,e ' Md ,hat - arached ,hro ^ «-» - 

are stable under a vanety of conditions, panicularly phyaiotogicaily reievan, 
condtttona. Th us , a need exists for reagems and methods for correcting 

homogeneous p re pan,iona. of eaaiiy synthesized macromolee ul ea of defined 
struenare having SB „ e ^ ^ ^ ^ ^ ^ 

pn>vtde ease, „pid ity and mlIdness „ f ^ 
veaaablty in dalg^ and applicability to construction uaing a dive nlly of ' 
btochemicai claases of compound, The reagents aatd methods provided in the 
present invention provide meet theae needs and others aa well. 

SUMMApv OF im iw p|jrp-,|, f 
The preaent invenaion provide* methoda and compounds for she- 
specfically, chemoselectivel, modifying inder miid conditions a Urge, 
tnacromolecule, such aa protein*, peptic, other organic compound* such „ 
plasr.es, or surfacea containing macromoleculea, with an amino-oxy or aldehyde (or 
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«** of CHdme-linJcage fomauon. ^ J^- *" *" 

containing fcnoiooaliad . e " " se ° f b - « mulu-poly^r- 

argetmacromolecule under mUd conditions 
fi-noionalizcd polymer whorein 1 a PrBSn ' U,Vention • 

fcnning gronp, which oxime fo "! i 200() ' ' «*— ruining an oxtac 
™" ,E eo>np K covalenUyanached>o 1 f, e p„| ymcr 

^re-specific reactivity and oxime lint, r "^i 0 "' SUch tha < 

' 0Xu ne-Iinkage formation will occur 

™cro m o,ee u , t ZZr k " fma °" m "" ' 

or po.yrner, arc J^T ' 7 " *»- ** «. 

^:~;r dK ; f °- « «»- 

tacUonalizing «» " ' C< " ,d "" ,>nS "*» *• »ps of 

-^r^^ratT 1 "* 0 ^^ 

«y »«h a S eco,d functoro, oxtao-forminj g roup 
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5. 



f^rl 7 " -* - - «— bond fc 

M u l ti -p t , ly n,er.co„ BW „ 6 arcoro-oxy-rWiooalized or 
«na a, ^ provided ltat ^ 

— Maftodr for ^ » taCodo fc s „ ^ " * 

~ u ,e ,o rapl d ly cmtt a ^ of ^ " " 

^* r «~ -HO* the Stok « radius of a Urge. 

. a se[fcs of fcncUooafced po, ym „ s of lhe invemio „ 

Mr - nrom-po,^,^ 

= . a. ^ fc effK , of con . gadoo ^ ^ ^ ^ 
prererred embodiment of this asnt-ri n f m. • • 

n r . P thC ,nvent,on ^e pharmacokinetic behavior 

of a target macromo.ecule is systematically modified. 

Kits are provided with appropriate reagents for carry** out the 
methods of the invention. «ny»g out the 

mmiimeBirnoN np *t*h*c drawing 

towing the 1 d ; PiCtS " SDS " PAGE gd Editions 

p^xrn; jusates of oxidted n - s wi,h — 

polymers. In all cases a smgie derivative was obtained in the conjugate 
-non. Unes ,, 3, 5, 7: Hesu.t of 20 hour incubation of oxid^ed £1 h 
.netted A oA . PEGjk0 , AoA . PEGiokfi , AoA . pEG3ot0( ^ - 8 - 
-pecttveiy. AoA-N(P EGjlo)l is (PBG^CONH^^ 
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Lanes 2 > 4, 6, 8: purified conjugates PEG<. -II 8 vvr 

WjidW, Lane 9 oxirfi^H n o . t u 
fmrn , u * : ^ 10 ' Pr0tein molecu ^ weight markers- 

from top to bottom: Phosphorylase B (97 4 vr* hoV 

ovalbumin ( 4 5k D), cartel ^^T^T ^ ^ ^ 
— e (14 . 4kD , w ^f^: ybean «*■ C2U kB), 

Kgure 2 depicts an SDS-PAGE gel showing migration of II * 
conjugates obtained with the rf!ff» .a . S migration of It-8 

2 3 4- PEG r ,/" hthedlfferentfi,nctl0n ^ Polymers, lane 1: H-g. ^ 
, 3, 4 PEG JkD .„. 8 , PEGiw) . I1 . 8j ^ Lanes 

"dumbbell"). Lan e 6 7- n>nr w r, « «*WK (dimer; 

6 o, /. (PEG^Lys-Il-g, (Lys-PEG. \ ns i. o ~ 

of tacdottalized peg 1 ppT C 8 ^ migrati °" of 

"P. ^.2.^7 ^ *'" G " CSR ^^-Mc.-G- 

PEG , , ° f 0Xidi2ed *rt*MHSF .fth AoA- 

T«W < ta. Met . G . CSF . . J - ««ined 

Figure ,. ' Pro ' S,n m " m, * t arc a* to 

- AoA.PEG F,8 7, 4 ; ?t S,U °" ° f fc ~ ed A ° A -"*C»„. AOA-PEG.^ 
and PEG „ ,„ , « C ° nJ " E1BS ""-H-'-- 

PEG™ .r, , „ r ' PK "»* 1 "' «SUre 5C is that for 

-~ ZlZT ,he coni " 8a,e was PKpared " * 3 

— or r jz z rr daennto,ions ' fnM ** - «*— - 
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7. 



Place of the Il-lra (also designated herein as "Antril- (f rom Synergen, Inc.)) and 
derivatives. TT,e dispersion of the means is not unusual in this assay. For clarity 
the dose-response curves for the three Antril derivatives were plotted separately ' 
(dotted lines and error bars), each time with the same standard curve obtained with 
Antril (solid line and error bars). 

^ „ w F ^ reS6AMd6BdepiCt ^ 

6A) and PEG^-H-lra (Figure 6B) in rats, compared with that of unmodified 
Mra. For clarity, the results with the two derivatives are plotted separately (dotted 
taft each time with the same set of results obtained for unmodified Antril (solid 
ta* Blood samples were collected at 3, 10, and 30 minutes and at 1, 3, 7, 12 and 

hours. Each point represents a smgle determination with a single animal In 
case , rf unmodified Antril, a slow rise in blood levels after an initial decrease could 
be shown between 30 and 180 mm. Such an unexpected behavior was not observed 
w«h other investigated proteins used under the same experimental conditions 
Annnals that showed clear evidence that son, or most of the injection had missed 
the tad vem and had been deposited subcutaneous* (excessive radioactivity 
re-narmng at the injection site followed by a slow rise in blood levels after an initial 
decrease rather than the usual biphasic, exponential-like decrease) were discarded 
F,gUrc 7 de P icts Pharmacokinetics of 11-8, PEG 10kD -H-8, Il-8-PEG^- 
and (PEG^Lys-Il-8. Blood samples were collected at 3 7 15 and 30 
«*, and at 1, 3 and 7 hours. Each point represents the mean' value or four 
ammal, Tne dumbbell and the multiarm constructs appear as the most effective 
conjugates for improving the lifetime of H-8 in the bloodstream. 

PESCRJTTTON OF SPF.rrPrr pa^t^^ 

n>e subject invention provides novel modifying reagents that are 
ammo-oxy derivatives of polymer, preferably water-soluble polymers such as PEG 
polyethylene glycol. The reagents of the subject invention may be used to ' 
covalently attach a variety of polymers to target macromolecules of interest 

caseofh- , .^ P ° mntadV ^^ 

of brologrcal unportant macromolecules such as polypeptides, i s that ^ 
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"■".pound, of the present i„ve„ tion . «**«fally ae,m 8 

Hie term "biological activitv- .. 
- *d .0 -eceptora ~ *. abinty 

member of the pair. Forexamm. • 6 ""Ptanemaxy 

r-rvr-N ™ example, amuio-oxy-acetyl (" AoA-> , 

( GXL") are complementary functional „• gly ° Xylyl 
^ «ry ncuonalreacuve groups that react to form an oxime 

Compter y e™*- 

«*■* ear be used „,,„„„, contwomt,- t '" V ™ ion " 

.".ino-oxy-acety, ' £ , " M "'=» ° f ■* 'PPtaion, 
* f ? ' "">" ""tonal group. 

«— etoep on tbe po,^ — e fc 

%~ ^^ir r is ^ • ,h ° - — — . 

-NT or -eon^JCI " • C °^ 

polyme P : ^ * r^"' - - W via a 
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9. 



functionalized Uttget utacromolecule. Generally, the PEG or POG (1 e 

ntolecule is activated or fcnclionaIi2ed ^ 
«^ve group ,o a .errnioal hydroxy! group, ^ ^ lhe 

» - .Kehyde group tal has ten „, my :^ 
- urge, mo leu„,e. ,„ ^ l0 lypic3j ^ ^ > 

"WP*. where conjugal raay „ ^ My 

pso,e m , ,he reactive anino acid „ typical]y ^ ^ . 

-hve S^up o„ PEG or POG through iu free casino group. fc telionatod 

^ reagems o, the mveMion are sile-speeifican, Jtached via , ^ 

•^age lo a smgle, pre .cho«n. site on lhe ^ moto|e 

A 'target macromolecule" as used herein refers ro an organic 

wt. morgantc component, having , notoUr wei8 „ t „ „ _ 

- *» ntodiiied si,c„y to contain an oxhne-fo^ fcnaioral 

or I h ? M raaCr ° m0to ' e ^ ^ — ■ — 3ou.es 

or can be synthetic. 

71* term water-soluble functiooalized polymer reagenr as used herein 
tefera to a ^ ^ ^ Jo „ (o J 

P-dca for ute site-speciflc conjugation o, the water-soluole polymer to aZ 

I ITT " ^ ■*»■ * * -** ° f Mention ^ ■ 

molecules a™ site-specificaUy rao dir,ed ,o contain a loncriona, group ha, s 

«se o a b-ftnconalpo,^,., w ofta ^ 
PO ymer agents that can he coupled sit e.„y „ . ^ H 
actd rescue, preftnMv a. the C or N- temru™, » becoml ^ " 
conjugate water.so.uhle polymet, to proteins without substantial* adversely 

the biological activity of p rot ei„s tha, wou«d be adverse,, affecj.hrou.h 
mulhple cupbngs at Mino acid ^ toed ihTO6hout °M 
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10. 



■>»n,ber and locate, of atUched . "«"«-«» have the ide mteu 

>«* for ftmcUonafcuion- prefenlh , , h * """^ «« Polymer nsed 

— — * co™^ ~r ' ' ha * **" - — *• 
*»- po, ymer Mnj , gltt JJ? ~; ». * h aha„ ^ „ , 

*« * *• .0-rions and „ to ^ ~ -to* diffe, „ 

~ " *"» .0 as Widen^ C ° mP0!i,i0nS 

of ft. individuai raolecn , K of lfe «»— ». « subaanriaily aU 

Here = - — * ^ „ Mch 

■"Olcculca m having te ^ ^ 80% ° f «* »« oonjngaK 

«"«rein he,e ro .po, yi nl * 1 J t ""^ ° f W « 
«* ^ or „ (he ' " ■*» -o oiffe re „ ces h 

can be 

Wfata. when , ^J. or Z''' * "* -** ° f 

-* * »«. he idenfej, „ evCT J^ **~ adached a, ,„e 

defied herein. " We " "* ""^Moo ean be homogeneous as 

^-.-a SP o,^,r^~^ 

P-X-O-NH, g 

ONH.rep^en.sa.ino.ox,. Waier-^ ^ 
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11. 



polymer of interes, p^,, have hydroxy g™p s append* ,0 ft, po Iymer 
backbone M are convedent for ^ my ^ seiK(Kj ftom 

known wa,e,s„lub.. p„ lymers ta „„ ^ ^ ft) ^ 

denvauves, inchtding dex,™ Mlfatt , p.^ cross ^ ^ ^ 
cartxsxymefty, dexlrin, <b> ceUuta and ceUuksse derivatives, including 
n.«hy,ce,Mose and cartoxytnethy, ceUmose. (c, sai ch and dex,rines, and 
derives and hydroy.ac.es of stauh, (d) po lyaltlyelle gIyC0 , ^ fc 
A™* .ncluding poIyelhyfcne gI)TOl g , m 

glycol w,th propyl glycol , „ tercta ^ honlopoIym(:i5 ^ 
unaubshbateri or su „ ailwed . one ^ wil „ „ ^ ^ ft) ^ 
fn.gn.eata of heparin, (f) po,^, ^ ^ ^ 

Pdlyvinylpy^Udone, <h) ^. Poly tC-hydnaxychyD-Dfaapan^ida (i) 
polyoxy«„,,a t ed po.yol, and <j> polynnCcoUdaa. 
nbonodeoUdea, and their phosphate-backbone-ntodified derivalivea e g 
phosphotothioate deriva,ivea. Prefenud po.ynucteo.idea ana those oUgonuOcddes 
of homology to bloIogica% tap01tanI prefeiab ^ ^ ^ 

mammalian origin, and can include antiaenae sequencer. 

Water-soluble polymer reagents include but are no, restricted lo 
polypnapyiene g.ycol m po, y o, yeraylaled ^ 

Oho. ( PVA ). and other waKr-sohtbte organic poiytners. The water-so.uble 
PO ymer agents of the subject invention include ami„o-oxy derivatives of 
polychylene g lyC o, homopmymers, polypnapy.cn. g.ycr,, homopokvmers 
•M of Chyles g.yco, wilh propyte ^ „ hOTta ^ 
en copolymer ana mMtmd „ sutateed „ _ ^ ^ _ 

polyoxyethyiateri po, y o,s. p„ lyvmyI ateoho., po,ysaccharides, polyvj eL L, 

- M-p,,y B^^w^ and wher j ttr :: 

polymers. U.S. Pat. Ko. 4,7,337. „. S . ^ No . „ $ «~ 

, ,73. 0 .S. Pa,. No. 4.0 3 5, 35 ; US. P, No. ,K0. 8 3„; ^ 

* °- S - ^ N °- 4 " 2 « «-S. P». No. 4,002.53.; U.S. Pa, No' 
M.4,,47; U.S. Pa, No. 3.7 88 , M8 ; „. S . p at . No . 4 , 732>gW; pa °' 
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^,745,180: EP No 1^9 ~* 

*• - -o avoid cross-a^ " *»■ P-*** preferred 

- .-tod. The ^ y :r yhted *— <•«*•>. * p OG 

two,. : s ^ir" ta m °"°- 

The structure for POG «t, • " Weight m th e same range as 

Md = - , Ei o, Chem., 

formulas herein. EG or ,ts derivatives in the 

When polypeptides modified by the water »• M . 
Object invention are to be used as oh, Water - S ° ,Ub ' e ***** reagents of the 

- P^rabiy non-imrnunogel * *- be non-toxic, 

Funhennore, when P is said ,„ „ 8 ™» ""drably. 

PoP"Moa of rtecufc, p ' fl " a " e °* «*a*r w eignt of , 

«W» of tto„, 200 to 200 000 „„ f , k7. ' " aVe ' rao ' K ^ 

- P-^,,000 ,o C et I"" * ^ ^ * -.000. 

«>.ooo. ««. molecular ' ~« h *• of 2,000 ,0 

<* «*- „ a po ly p eplide J££ ^ P*« a« * 
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13. 



He spacer group X is opUonall, present. TOs invemion provides 
roncuonaiiaed powers m which ^ 

o^e-lrekage formation is an arenao-oxy w Prcfentd „ ^ 

( AOA ,. ta fect , additiona] ^ or ^ ^ ^ ^ ^ ^ 

conneo, an -=ri-o-oxy group „ ^ polvnKr „ f ^ ^ ^ x 
~ « group Mmpiistos subsltoted „ 

or aronudc groups such as phenv, or C,-C„ .Kylene moie(ies , 
C.-C aflcy, Eronps , or . ^ or ^ ^ ^ m 

feat* brnge or toop sequence (see for exaropre Argos, J. MoL Biol, (am 
211:943-958). or a nucleotide chain or a sugar chain or a lipid chain or a 
~>n .hereof and may conain befcroaron*. :„ fc prefciral 

CO ™ c " CH '" M ' CH0H -' ° r ^ Prcfenb " - C0 -™s- « -NH- 

zTrJZ to ^ 1 x is - nh - c °- ch '- ta *• 

for AoA-MPEG: CH ) -0-(CH,CH^„CH 1 CH J .NH-caCH,.C,NH,. When „ 
am.noK>xy group is „„ lhe fcnctlonali2e<1 ^ ^ ^ fc ^ 

«->>«.>»- (facer groups) adjacen, ,o >he antae-oxy function are no, 
«-* *.ever, a rcui^en, of these spacer groups is that they do no. interfere 
w..h .he fomumon of the oxime linkage be.wee„ ,he amine-oxy and i,s 
comptanentary aldehyde group. TUy should no. reac, in P refe rc „ce ,o the 
nnuno-oxy group wi,h Ure aldehyde, nor provide s.eric hindrance to ,„e reaction 
-deac„va,e .he reactive groups. Where the conjuga.ed pohyreer is ,o he used'fo. 
^tgnnte or mmunogenic purposes, i. is apparent ,„ one skilled In the an m 

Z7' !T PS ™ ^ m M ^ *— Where the 

T" * " * "*« f " ~ Ute preferred spacer group 

or at leas, does no, inhere wire properties such as bindusg, avidi! 
product stability or solublliiy. y ' 

oxiree r T ■ 8n>UP X ™ " e ""^ '° e,,l,,, ° Ce h ""°" ,ic of «- 

W» ,1. hydrolylie subdny of oxirees is influenced by .heir secure- 

dau .nd^e ,ha, oxnne subili.y inceases in te series- 

-CO-NH-CH.-CH-N-O-CH,- S -CO-NH.CH,-C( R )=N-0-CH ! - < 

•NH-CO-CH-K-O-CH,- < -CA-CH-M-O-CH,, Increased oxiree subili,y reay 
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» fcncuonalized a, Bueht herein ,„ ' TO """ e ' "■"^ ""WHta. glycob 

^ a, «* o n s rj r b . poiymer h,,hs - — 

macromolecule and second fi.n^.- ,• 
oxtae-fonni,,^ fTO ' «* of .heir sUc^ 

~ or "r r - * fom,ed ' fM — * * 
- * .wo po, ymw a ^ - 

™»P*< .he po lymer molay . A0A - PEG " A »A. where PEG or i,s dcrivativB 
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In another embodiment of the invention bi- and muld-polymer-containin. 
penalized polymers are provided. Functional^ powers of these" 
embodiments have the general formulas 

(P)„,L-X-6-NHj 
or 

(P)„L-X-C(R)0 

whe* - » - organic pol ym er as define herehr, m « M ^ [mm , „ 

oxy -CWO . aideh y de when R is hydros and L is a muM-vata,, UnBn. m 

vaiency of L is at least m + 1 When rn>\r\- , 

When IS a ket one, R is preferably C1-C10 

« W C, ,o C4, iinea, or bramhed ^ ,„ fc ^ ^ 

aid h yde , a mm?lmKnaiy mkiHmf sroup ^ 

.otr; 11,6 sroup wi,h ,he amtaM,iy ' ~ p ^ — 

reac, .„„ „ lher ^ preseM ^ „ ^ 

- ..es. C,-C I0 aiicyi 8ro »ps. or a con,hin„io„ thcreof , or „ ^id chain 

~ ^ ~ * chai ° ° r a ~* *■* « a ^ — « . 

«*— ,he TOf and „„, con^ herein,, ^ when 

or CHOH, m o re p rrfml) , y . CA .. Aiso preferred are an aideh.de and L er 
con,pnsn, 8 OHC-CO-or 6 I y o, y l y ,(- CXL . ) . 

In addioona, mbodin , enB „ f 1|K taven( . on [te 

it t * Kp,aced wi,h a su,phur ^ * — - — - r 

aideh.de or herone Wionai 6rou p wcid y ie,d a .hio-oahne hond . C(R) . N s 
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— — * — h a.uch.en, of ,wo ^ " " 3 ^ 

• *» ^ vu fc ^ ~ 
multi-vale, L slnlcture . ■ CH0 «™»P MUchtd to iho 

truing,, the w * IT U °" " ' —-tohr. 

— »o or .1 poTvlLTl 

X. «, , te ' * ,he group option, 

Polyroera so long as L pr „, ite n0 sleric ^ *" ' h,: **"<■ —hi I- » .he 
motion, m deaaiv „. .» ~ B "* «*>seoue„, 

oxime 

**" u-pa, or a combination ,hej f ! " 7 ' ""^ C '" C » 

*» or loop aenuen^ {m « " — - ** (aucn as a flexiWe 

— * - «. -srsstr r 

oonata neteroatoma. Prior ,„ „ . 3 """"nation .hereof 

- « or valenc, of L couZ 7 """" ' ^ - <» 

— - .^.u. zrj: lttc at: - ract — * - 

"fining vaJeocy is prMccted for ' * 1 ° e ' tt< ' " « ■«*■« '"minus, n. 
compound provid „ ? lhe 0 «*• - °*«wise occupy wilh , , 

immunogenic purposes „ „ * '° ta — «* antigenic or 

Wlth Properties such as bindino avidifv J 

av,d,t y. Product stability 
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or solubility. Linking structures can themselves contain valencies occupied with 
oxune-forming groups such that parallel assembly via oxime formation with a 
complementary functional^ polymer of the invention is employed to assemble the 
(P) n L- structure. Accordingly, baseplate structures described in C0 -pending United 
States Serial Numbers 08/057,594, 08/114,877, and 08/057,594, and co-pending 
International application PCT/ffi94/00093 (which are hereby incorporated by 
reference) are suitable for use as L structures. The oxime-forming groups of the 
baseplates can be replaced with other complementary reactive groups; however 
most preferably oxime formation is used for assembly. For an example where non- 
oxxme chemistry is used for (P)JL- assembly, see Example 4 herein where L is 
pentalysyl peptide (where m is 5) with each lysyl residue containing a covalently 
attached polymer and the peptide N-terminal contains the oxime-forming group A 
preferred L structure is derived from a tri-amine compound wherein any two amino 
groups are each available for coupling to a po ,y me r and the remaining amino group 
» avadable for introduction of an oxime-forming group. A preferred tri-amine is a 
compound of the formula N(R5-NHj) 3l wherein any two amino groups (-NHj) are 
available for coupling to the pol yme r and the remaining amino group is available for 
introduction of an oxime-forming group, and R5 is a non-reacting group comprising 
subsututed or unsubstituted aliphatic or aromatic groups such as phenyl or C -C 
alkylene moieties, C r C I0 alkyl groups, or a combination thereof, or an amino acid 

cham (such as a flexible hinge or loop sequence (see for example Argos J Mol 
Biol. (1990) 21 1:943-958). or a nucleotide chain or a sugar chain or a lipid chain or 
a combination.thereof and may contain heteroatoms. R5 is preferably -CH2-CH2- 
THe three primary amino groups are preferably distal to the nitrogen. Most 
preferably the tri-amine compound is tris-(2-aminoethyI)amine. 

As is taught herein a great flexibility is available to one in the art for 
des.gni.g and obtaimng L-structures of desired sequence, structure, valency and 
Wion with specifically phced complementary reactive groups for attachment of 
polymers. Additional methods and compounds, which were developed in the 
laboratories of the present inventors and which are suitable for L-structure 
synthesis, are described in Rose (/. Amer. CHem. Sac. "Facile synthesis of artificial 
proteins" (1994) 116:30-33; incorporated herein by reference) 
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Polypeptides, the SlokK ^ ra ' I*™»ttal|, tapom„ t 

ultimately its therapeutic efficacy ' ^ behavior » ^ 

o, a ^ therM)f ^ ^ ^ M— . poiyn*, tot ^ 



Rl-0(H2-0)nR2.R3 



where „ is anta ttgertewttll5 
comprises an ^ Mttd ' Md <*> one of Rl and R3 

» «*«• an an,^ ^ 2 '"»—■» « W bo,K Rl and 
- — repeat J„ Z%Z"Z7 " ^ * 

» - «. r;rj:r ^ <~ * - * — 

80 °- - Polymer nas an ^L^T ^ *— 50 - 

r — » Ween aboo, ^^Tj"* *~ - » 

between about 2000 and 40 000 T • ,. ,00 °' Md "" ore Preferably 

yponp Lbhi ,M °- RI ^ r ^ contains , 

contpieenen^ „de„I v f< " n "* ,e " «*- «*r, with , 

~=ji ^ *— — - * ^ ^ ^ 

P group compnstng -MH-CO-R4- where Rd u ,- " U 3 

y CH * and wh ere R 4 i s direc Uy 
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Preferably it is an alkyl 8TO p, raost prefenb , y ., „ ^ ^ ^ ' 

- . hydroxy grou p. „ „ m hydroxy ^ ^ 

,„ infiodnce . ^ ^ of ^ - 

on a ^ macrons. By ., owM W 
preferably C2 to C4, alkyl g roup . C '°' 
In another preferred embodiraenI „, fa ^ 

powers contain,, PEG or * derivadves are p^J. 
These etnbodunents axe those bt- and ■nnM-po.ymer fnnetionalized polymers as 

oxsm. fomnng g ro„p lhloue „ ^ £ 

and mu ,U.PBO fcnctionaliaed powers of the invention find ^cu" 
^atteauy modifyin, theSlote Qf a « - - 

of «s pharmacoxntede behavior, and nlUntateiy its tnerapeetic efficacy 

More specificauy. the invenfion reiates to preparaio „ and use of a 
fcnettonabarf PEG and dexu*,: mmlmakml MPEG-NH-CO-Cm-CNH 

^;r f ^r m " c " NH - pEG - NH - co - cH -- o - NH "' - 

(PEG) I Ly, NH . ( CH Jl . NH .CO-CH 1 .0-N H „ H0.((PEG,L,s V N H .C0.CH O NH 
and (PHG-a rai noeU,, 1V N- ( CH Jl -NH.CO-CH,-O.NH,. ' * 

In nprefenedentbodinten, of the invention, firncdonaliaed poiymers M 

ft.nct.onal or a bt-rnncona, p„„ m er that contains dextran or a derivative thereof 

ir prcferred embodtaM ' w - - — hi 

Powers, as ta„ g h, he**, contain^ dextran or its derivafives are proWded. 
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These embodiments are those hi . • 

1" another Mbodtae., rf ,,. • ^ Mt 10 ,he ^ "™o, re . 
bribed above having „ leas . one ' * *" 5e " eral « Polymer as 

Mroxylgroopi,,^ T derivatives, a lerminaj 

*- of «- POiynrer h which It I ~ ^ ^ »— • » 

—M. Modifier to . J^*? " raC "°" CM 05 — » **** 
— convex, FM 8 "» ta ~ -PS 

—1*1 e„ mpound ^ J ** « P^ted-arab^. 

«yla.u, g age„ tsis A preferred PEC^ ^ »"■* 

CH2-CH2-NHi, or „bea a bC^ ~" " 
OB-CH2-N8,. MPEG can ^ , " "H™**"*- 

«** - *> step, of eal^rr * ^^-^^-Cffi. 

Using Ihe above talenoediaie PBC-NB , n „ . 
e™ P is intaxiuced a. eaeb ™ im a "^"ning 

- -ions PEG-OH - PBG-C, J « 1'™ * " feU ° Wi " S "* 

-ing oae vafcacy proteej 1 , °' 

acuvared Zer^ed"^' " *~— * - 
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known in ,h= an or with a fcTCtil , naIted of ^ ^ 

chemistry. AfterisoUUonofU.ebi.ormu.U.polymerproduc, tep^,, 

facta** I according t0 to tavenlio „ by rf ^ 

vaiency of L foUowed by subse , ue „, ^ e g . ^ h fc ^ ^ 

group, w.,h a auitabty p rotta ed-ami„o-oxy crp^.^ c 

acyhtttag group. ^ deprottction of the oxmre-forming * 

final ptuduct, lhe bi . or nmvi)ma fi,^^ b obiaincd ' 

Alternaaveiy, L is fira. darivadzcd wi,h a suitabty protected-amino-ox, or 
pre^dehyde conuinin, ^ „ e de[ivalive J 

mono-subsrituted L derivadve is then ^ . Mch remaWn6 ^ ^ ' 

po.yn.ar intermediate (a„C as one having a COOH when L contains NH t or an NH 
l™P when L contains COOH) or with a taaionatoed poiymer of the ^ ' 
(when ox™ chemistry ia used „ mmU . r „ L) ^ 
tntennedtate poiymer*. which can rcac. w„h ft, m ino 8roups „ „ 
are provided. The coupling will take place in Ihe presence of HOBl and DCC or 
wnhout theae reagent* if ,he auccinimidyl denvadve of MPEG-COOH was ' 
previous,, prepared. After depretecdo. of the oxime-formbtg fanctional group 
•he final product, the bi- or muld-polymer fimcdottalized polymer is obtained 

When the L group is forced ft. amim, acid s. ^ ^ 
L structure can be ayntheaked b, rent™ solid phase pepdde synthesis ("SPPS") 
and while the peptide is stiU anacbed to the sobd phase PEG-COOH in an acdvaied 
ta. -h as the N-hydroxysuccinimide este, can be added to the nascent pepdde 
ctan. Fo, exantple. Utc L structure can consist of a pepdde having sU reacdve 
groups such as five ,yame residues and an N-tenninaJ amine greup. PEG . COOSu 

hydroxysuccinimide ester can react with each of ,h, 

Mcn of the e-ammo groups of the lysine 
reatdues <whUe the N-tenninus o-andno group „ kfl „ ^ N-tenirinal 
amute group of the My acyhttcd pepdde is then „„p rot «ed and the ^ 
coning suture is reacted with a BocAoA-comainiug active ester to induce 
«« AoA group, which after Boc removal and mild Ceavage from lhe yWdJ , 
Pen^ymer containing ftmcdoua^ polymer „ ,„ e ^ , _ 

«. method finds patdcu,ar use with synthetic structure* (and perhapa cenain 
mcombman, products, aince these can be designed to exch.de addidoual reea'dues 
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Boc-Ser(Unzyl).OH or Boc-Serft-butylVOH in . ■ """^"^ 
N-hydroxysucciniinide ester, J *^ ~ " - 

•»* e. g . AoA, so *« after Boc ^ a p^l ll T " 
ST-penUlystoekoiUdoed. Treatment of th structure containing ( . 

•o .he protein „ ilh . raild J"/""" 1 * " PTO < L once conjugated 

y e ro « OXL-pentalysuie, thus producing a nenta rvr r 
that can then be reacted with an • ucin g a penta-GXL L structure 

^^ wlt hanammo-oxyf un ctionali2edpolvinernf .i, • . 
The oration reaction can be tenninated using any 1 2 diol T mVenU ° n ' 

l-ol-2-amino compound having relatively free 7 ^ " 

i . relatively free rotation about the 1 ? ho^ 

8l)ra "- lively. ,he oxidation raction _ ta .' ^ S " Ch " 
-oval of periodato. f or ^ by ~" " ta J »— *» -P- 

C^tographyou.-HPLO < . 8 Perfonuam* ^ 

— ~7a S IT raCti °" "* "* — 
■o <h= g.yo,,,,, T T "* ** residues are convened 

r — -~ P ^ .ben „ C^^^ * 
is reacted with a Boc-AoA • • P°'yn.er containing structure 

— after Boo Z^ZZTZ "7 ^ " "* 
i»ve"Uon. BOC or the ivofc l P^^'POtytter functionalized polymer of the 

— - ^ °i jit r: pro,ttti " 5 sroups usd ta *— 

— i (see for « T 7* ^ ^ * ' te a. 

v w .or example Green and Wuts U99n "P mt «,- 

W 2nd ed., WUey. New Vortc ^ " eC " V ° ^ h — 

International appUcadon KOtt^tJ^^i ^ * 

reference) Tame. m >n„ , rtbj ' """Pooled by 

' Target macromolecules can be obaj,,^ . ' 
isolated f rom „ aIura | swlroB „ nH . WM by "combtnan, methods m 

" "inning complement raclive gn)up 
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an aldehyde or axWoxy group , „ fomed „ a ^ 

tne macromolecule. 

In a preferred embodunen, of the pre.cn, invention fimoiouajized polymers 
« prepay rhat are reactive si.e.specfflcal.y „ ith polypeptide „ 
compounds or marcriajs conataing mm0 ^ „ wMeh „ ^ ^ ^ 
modtiied „ c„„«ai„ a, oxinre-fonntag group sjecfflcally reactive wfth me oxtae- 
ormtng function imroduccd onro .he polymer. P rcf crab,y „« N-ermmal or C 
^residue of a pdypeptide is s0 mtuu using ^ 

Co-pcndm 6 appUcadons United Sta.es Serial Numbers 08/1,4,877, fded August 31 

; 08/105,904. rued May ,2, ,994. as well „ ^ ~ 

1994, each of whose co„,e„,s are hereby tocorponued by referee, presenI ' 
ad -road mchods for she-specific modification of huge, compounds, particularly 
Polypeptide* by bo,h chemical and enzymatic means. ,ha, find use wi,h ,he 
funcdonaiized polymer compounds of mo present invention and mchods for ,heir 
conjugation ,o target molecules as Hugh, herein. 

In Ihe case of a polypeptide, ,he oxime-fonrnng greup is iuuoduced 
pre etably a, a of fc „ y ^ 

preneolysts or at an N-,erminal serine or .hreonine by mUd oxidation. (See for 
"ample Geoghegan el a,. (Bioconjuga,. Chem. (.992, 3: W. Mf); Cae „ ner „ „ 
(Broconjugare Chem, (1 992) 3 : 2o2.2o8) ; EP 243929; and WO90/02.35, which are 
-«P«W herein by referent.) A recombinant or „,„ra, peptide may have 

which can be functionalized. 

a varie,y^T r T e ^ ^^"^ ° f ** may be used to modify 

vanety of polypeptides or similar moteufcs ma, have been site-specifically 

" """""^ «""» «"»*- Nation 

wnh the functional group on the polymer. Polypeptides of interest indude- 

~s, and polyehanal; cytokines, uacluding, 0M . CSF Q . 

PDGP Tgp TV" 0 " ' ymPh0kinK ' «""* 

ton. mcludmg, Pacor vn, ; immunogens; enzymes; enzyme lahibitors; tigl 
and me tixe. Pdypeptfe of ^ for J 



WO 96/41813 



PCT/IB95/01175 



inco-po^ed by Kfe " fcU °™*-™ appUcaloos (which „ he«o y 

No- Wim; U.S. ^ No 4 035 6M J". B ' W ' 546; °* 

U.S. Pat . N , 4 12 4 ^ ^ N »- U.S. P a , No . 

w. t.Hiz.yBy, U.S. Pat. No 4 002 «i. hd « 
4,414 147- u s p„ XT , *».W",531, U.S. Pat. No 

> ,147, U.S. Pat. No. 3,788,948; U.S. Pat, No 4 732 863- tt « . 
4,745,180; EP No is? sav ™« 4 .'-*Z,863, U.S. Pat. No. 

occurring forms of U* nm ,M °" Kr -on-naiunlly 

«y- As is known in the art peptides can be format r 
non-naturally occurri™ « ""^ froni of 

or Proteh! rr^ rir h ioiMd vii 

o*S^l«>n of the peptic orprottillinv . vo 

"tended to include both polyclonal J, , "antibodies," it is 

6 oouun sequences, synthetic antibody derivatives and »h. 
may be modified so as to be ioinM , n / ^ wabod ^ 

be jomed to any of a variety of labels, fluorescent, 
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radioactive, enzymatic, biotin/avidin or the like. Synthetic antibody derivatives 
include natural immunoglobulin sequences that have been mutated and selected for 
altered binding specificity, various immunoglobulin gene derived polypeptides 
typically single chain, produced by genetically modified bacteria, antibodies ' 
modified so as to contain modified constant regions and the like; a review of such 
synthetic antibody derivatives based on the principles of antibody formation is 
provided in Winter and Milstein, Nature, 349:293-299 (1991). An antibody is a 
glycoprotein of the globulin type that is formed m an animal organism in res ponse 
to the administration of an antigen and that is capable of combining specifically with 
the antigen. These are aJso referred to as immunoglobulins. Antibody fragments 
can retain some ability to selectively bind with their antigen or hapten. The ability 
to buid with an antigen or hapten is determined by antigen-binding assays (see for 
example, Antibodies: A Laboratory Manual, Harlow and Lane, eds., Cold Sprin* 
Harbor, New York (1988), which is incorporated herein by reference). Such 
antxbody fragments include, but are not limited to, Fab, Fab' and (Fab') 2 A native 
antibody is one which is isolated from an animal or from an animal or hybrid 
animal (hybridoma) cell line. 

The teachings herein describing groups present in the additional connecting 
structure (spacer group) adjacent to the aldehyde function or the amino-oxy function 
present on a fictionalized polymer applies to any spacer group present on 
functionalized target molecules as well. 

In one embodiment of the invention, the C-terminus is modified, preferably 
w,th enzymes that can direct bifunctional reagents with suitable reactive groups 
specifically at the C-terminus in polypeptides or proteins (e.g. antibodies) The 
carboxyl termmus of a polypeptide chain is, at least in terms of primary structure 
m most cases far from the active site of a protein. In another embodiment of the' 
invention, use is made of the fact that specific bifunctional reagent, with suitable 
reactive groups preferably or specifically react at non-carboxy terminus sites of a 
polypeptide molecule. In a most preferred embodiment, the amino terminal group 
« the sUe-specific target after reaction to activate the N-terminal site on a peptide 
In a preferred reaction, N-terrmnal serine ("Ser") and threonine ("Thr") residues are 
oxrdized in an exceedingly mild reaction with periodate (e.g. 20'C, 26 „M protein 
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10mM imidazole buffer P H 6 95 1 am 

s « — *» .ooo l rrr * ^ for 5 ■** 

generality N-terminal *, „ r «, f t° *' eC ' f,C " y is *** «* 

^ ifc «^ l t r r a A second prcfened 
»«> ee aaive eaxbonyi ft IDCtion „„. N • ,,!n "' ,a, ■**• of a pso^ 

«*. Proceeds JL "** "* «" 

Phenylalanine of ,h e proteim ' e>"<™>™ aeid and 

toones psodnced by ^ * * '™ -W* ^ydes or 

—oxy po ly e. h y Iene slyco , £ — ~* - » was ,he ease win, 
groups as in c se 0 f H^^TI *"* % « - — 

which „ *«■ ■ —r » syntai* , muUio^ 

»— slnicBjres ^ « • ** * flta*. ,. 4 . 10) . 



H,N-0-p I ,.co.( l . y5( i, EG))j 



Since a small bivalent 
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orPHO.NHCO-C A -CHO. as described in E^p,. ,2, whicb can be obtained by 
-** for exantple, aanino tacrionaliacd PEG with caatoxy^naaldehydOOSn 

'"^^^•^^^•"a^betonndnceda.asing.esi.c.in 
order lo obtaan a ■n„„ia n n.co„j„ 8 a,e, as i. is shown i„ Exaanple 18, wilh (H N- 

OCH 1 -CONH(CH ! )J J NandPEG-CHO. ^ 

of a oo, 10 ^ ^ embC " taenB ' "* SiK ' SPeCif ' C " » sroup 
of a poiypepude no, necessariiy „o,,enninar, pref e„b„ an anrin. acid residuf 

preset,, a. a sing,, copy or ofawi* preferentially available and sensiUve ,o 
™*tods ^ slde . cW „ group ^ fm modffi£d ^ ^ 

P". » Phce a reaenve group (aJdehyde. ta o or AoA) tfca. wffl subse,„e„Uy 
~y ma wilh , aB#mf ^ gn)up ^ a fc 

(e.g. AoA or aldehyde). l«»yiner 

In another embodbnen, of the invention, a targe, maoontolecule 

2**'** * — « ^ -tion o,„e/,han a. its 

nnnn. Modtlications to ,b. prinrary suueure telf , by de.«ion, addition, „ 

be nt.de wtUtont desu^g ,h. acdvit, of , he pro , ei „ ^ fcr 
"todtfied proteins, Known M „ 

Ma, „; « „,. Pa , No . ^ 9 ;^ ; ^ 

hereby .cntpotated by reference, and are wel-Wn in th. as, (stt c um „ 
P^toco, in Modular Biology, ^ (1M4) , ^ 
Wdey-Intencence, J. Wiley, New Vorit, NY; a volumes of which „ herel)y 
ntcorposated by cefesence). Fo rex an,ple, « ^ „„, acid residue whil is 
« to biouagica, acivny Md „ , fc bWogicilly Kiive ^« 

can be repmced with astothe, amino acid which is tunenable to subdue* sitt . 
spectftc modification to create a functional targe, maaomolecule of ,he 
invention. e 

Polymers functionalized with a hvHra-nrf/. „ m 

a n y draztd e group can also react with the 

W indeed aldehydic or te o group, „ fom . hvteone ^ 
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Variants of nan,^ ° t , T"*" l " tot * 0f »— 

«- « more anrino acid - *—I o. differ „, 

— » sobsranUaU, J^Z^^ ~"<> - <° « 

oovalenrly bonded to ons „ mo <H "' y 01 aldeh '« , « so « «, be 

■Polymer conjugal ■ a, ^ ^ M » herein as 

po.yp^. jl sssrr y - ■* mo,Kuie is ■ 

a preferred conjnj e „Z ' 
*• w„er-so loW e poly J ^ * • P-M derivaOaen 

*— above, wb^I~ — rs motolK 

oooiOna.es am represent b y J^T ~ OTb0dlm ™ — P*«r 
B-C(E). N . 0 . x . p „ B . C(R . 

* - organic ^ ^ *°*- C ™«™- P 

■** <-» n>acro m „,eIfe JIT t " ^ 8 ™ • 

- ~ an ta fc ^« as describe, berein. 

- -OUO-IM. is an oabne bonf R " R ™ " «- "»<o». 

.s?-r.:zz*-~ 
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preferably P is covalently joined site-specifically to a functionalized N- or C 
terminal residue on B. In additional embodiments of the invention the oxygen atom 

oxune bond of the formulas is replaced with a su, P hur atom to obtain a - 
<-(K)-N-S- thio-oxime bond. 

Individna! (toctotod targe. macromoieeuies can be derived b, one 
or .none different ——We polymers b, means of reacdon with differen, 
embodiments of the po, ym e r compounds of the invention. Individ*, uree. 

. is srea.ec .ban one. Preferabiy P is a poiyaKyiene s„ Ml « a deL, 

Bioiogical acdvides of pro, eim modified „iUa PEG or de„„„ po, y me re are 
preserved to a large ex,en, as shown by the Examp,« below. 

Salts of any of the macromoieeuies described herein, e.g., polvoeoddes 
~,e powers and derivadves thereof, wO, ^ 
molecuies are present in („ r fnJm) ^ Qf ^ 

— of peptides and other macromoieeuies having the indicator, bioiogical acdvit, 
~red to be within the scope of the present invention. B_p.es ineinde 

^3 (. ,, HC1) of ammo resident, and zwitterions fonned by reactions between 
caritoxybc acid and amino residues within the same motoie. 

As will be readilv 

greeted in light of .he present invention, homogeneous poiymer conjugate 

IT" 0 ": T " " * h0m °- M te -P°"— * *«— m .he 
remamder of .ho appUcndon, when , haerobi- or bderomum-poiymer 

futterionaWpoiymer is , ffich ed , 0 , ^ mamM , „„, ^ 
reo^ties adached a. ,e smgie sire will bo identical „i, respect .o J^Z 
or MM nevertheless .he composiUon can be homogeneous as defined herein 
For .xampie. srep-wise assembly of polymers onto a imlcmg suture „.-> (see co- 
peodmg United Sa.es Seria, Numbers 08/057,5,4. Oo/lU.gT,. and OS/057 
and no-pending Intemarionai appiication PCT/IB94/000M, which are hereby ' 
motored by reference, aliows me indodnedon of differen. poiymers a, each s,ep 
10 ornate a homogeneous composition of a heleto-polymer. 
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for exantpfc , GXL «» <*-*- reacdon 

PO.y- conar^ I I ^ ~» ° f » -* 

embodiment, of nuW J** ' * fmed —*c*r structure. Other 

multi-poly mer functionalized i*>[vm,.„ .. 
complementary SUmxcs , . P °' ymm ta ™ *» »» 

P*fe»b. y lhroil8n llM , emw « ' - ~ £ polymer. 

Amotions ^tr, ' taU0,H ^ and , ■ 

«*-*. reaction can occur ^J^T ^ * 
-tomolecule and it! complem" 8W """^ " ' «■»" 

■ - « PH value, Z ' 

to monitor by Rp.^, ' ' * «« of „™ e , ormalion ^ 

-n,. raolKular - JTJT" " ttn " inated * >~ 

«— * . r::r r to * 

« occur between tte AoA-.™, . , ' ""' " <KtaM,i on "action 

for the ^ of som e peptic A ^H „, 2 I ^ " " 

aol-bility of M me ' * A ° f U B <"* f °™> for increesing the 

- PH * »*- — - fa ,er at p^ ,, 

----•^^e:r~:r:r^ rae 

cnoose an appropriate 
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PH for a specific carnation reaction, along into account pH stability of the 
molecules doting the period of the oximation reaction, option doe to 
chetnoselectiv. Ugation of the centenary chemical graips ^ npidl ^ 
essennaJUy quantitatively in the formation of a hotnogenoos preparation of . oxitne 
conjogate of defined slniclure when the AoA and GXL pair are osed 

Oxime-taing complementary chemically reactive groops can be attached 
or et, er a protected or an unprotected to, Melhods „ ^ M oxim 
complemented chemically reactive group „ , ^ ^ ' 

attachment tough a chemically reactive side chain group. For „ 
oanne-fonning complement chemically reacrive group can be atUchKl to , 

cys.e,„=.containing target macmmolecule via the S atom by action or disur.de 
fonnauon TOen „ m ,„ , ^ ^ 

toe .on the targe, macromolecule is anached via its Cys residue tough . ^ 
Umc(ord.su l fidebo„d,anda„oximeb« Jt ,o t h 5p o,ymer. Prefer ^ 
compounds are alhy. halides having' an attached AOA group. Specificany pref Ld 
are .hose havmg a BOC protected am„o-o,y group p refcrab , y m MA gmup 
Preferred are Br-CH2-CO-NHCH2CB2NH.CO.CH2.0-NH-Boo, where the AoA 
group IS protected tmd can be removed prior to an oximarion step and 

CH.CH CH^H-COCH.ONH-Boc. The btomoacety, group „ much more reactive 
r aKylanon of fc lhiol group „, fo , ^ ^ ^ ^ 

•he todoacetyl gmup because it sometimes is ,00 reactive and may be lost by 
photolysis. Otoa U .-yla u , g8ro „ ps , taaddi|ionMt , ie > 
* nrateoy: gro„ p . ^ ^ ^ fc ^ ^ J£* 

group are exempt as AOA-Lys^eoyl-beu-manylJ-OH and maleoyl-bl 
^.-NHCH.CH.NH^OCH.ONH,. Although the maleoy, g roup „ ^ fcr 
-hng m, OT mo.ecu,a, conjugates, i, is Known ,o have serious subUity p ro b,ems 
ft d,o,y„o opening of the ring, and so U less suitab,. for ma^g J^. 
^oxsmes. 

which ,s more ng,d and buUcy than the Bnh formed by alhyla.ion with , he 
nomoacety, g roup , d „ „„, „„„ ,^ „ fc ^ ^ ^ 

hnher for „ v.vo appbeation is one against which an immnne response u „ M 
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Example, „ f mmsxx ^ fm 

2-pyridyl.S.S.CH2CH2NH-CO-CH2-O.NH n,, 
Natives po^ M aminowy^t nT' "'^ 

One novel ctanoedJIIr mV ""' 0 " "~* ~" *— 
<empe ntlln . The 6xtal< ,. UnlceH ° C ' m0 " «"«M««>ly at room 

- spec* ao,*™* :r n : * ,us - — — - 

•* MM*. IpoTZ CheraiM ' ° f 

After the functionalized polymer of the invention (be it a mn « 
Polymer, a bi-ftaoiotiai polymer a bi ™l a mono-functional 
Mymer fcncUonaU^ po, ,1 P °' y '" e '' « » -* 

- -piemen^ ^~^t " ^ ^ * *~ - 
urge, macromolecle The JT r "'"""'^ 0 "" > to - 

--a 1Jro a P o„ tt e.j;r:;r cTOof,heowfom - 

°^ion reaction is Z^T^ " ' * * 

above, the oahnal IT " * * *** * 

anon ^"o 11 ™ °v=r a wide nmge of pHs, 
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preferably acidic to about pH2, more preferably less than about pH 5. particularly 
when rapid formation is desired. More preferably, the P H is less than 4 most 
preferably about 3.6. The oration action is compatible with lower pH values 
when rt rs necessary for maintaining target molecule stability or solubility The 
-aeon temperature is preferably room temperature, but can be adjusted to meet 
the specrfic needs for stability and solubility of the target macromolecule The 
reacuon time is between 10 minutes and 72 hours, more preferably between 3 hours 
and 48 hours, and most preferably between 6 hours and 24 hours The 
fonctionalized polymer is in molar excess to the fonctionalized target 
macromolecule, preferably between about 3-fold to 20-fo,d molar excess more 
preferably between about 4-fo.d to 15-fold, and most preferably between'about 5- 
fold to 10-fold molar excess. 

The fonctionalized polymer is preferably diluted in aqueous, preferably 
buffered, solution at acidic P H. Acetate, 0.1M, P H4.6 is a preferred solution 
Optionally, a chaotropic agent is present in order to aid in accessibility of the 
functronal group of the target macromolecule to the fonctionalized polymer A 
preferred agent shou,d be inert to the oximation reaction, inert to both the polymer 
and target molecule, and will not prevent the return of biological activity (if it was 
affected by the chaotropic agent) when removed from the final product A 
preferred agent is guanidine hydrochloride ("GuHCl"), preferably at about 1 ,o 8 
molar concentration in the final reaction, more preferably about 4 to 6 molar 
concentration. If the ammooxy derivative is not soluble in water, the conjugation 
-ct.cn can be performed in the presence of an organic solvent. The solvent and 
«s concentration, should not irreversibly interfere with the biological activity of 
uuerest of the target macromolecule. Suitable solvents are well-known in the field. 
For example, for certain poorly soluble peptides, up to 50% acetonitrile can be used 
for coupling. 

If desired, the polymer conjugate can be purified from the reaction mixture 
There are many purification methods that are known to those of ordinary skill in the 
art such as size exclusion chromatography, hydrophobic interaction 
chromatography, ion exchange chromatography, preparative isoelectric focusing 
etc One particularly preferred method is to combine a size separation method with 
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i. to end™, ftefelf , " ^ * 

ramus. Hydrodynamic rad us is defined a(! ftw „ . 
— of a panic, in « aquwus envilonmMi ^ *•*»-. -tafa 

"*ed on differ^ ^ of ' 'J. ."*"* < " SCn """ atts modules 
teminal residue of saiMor .. . m acromolecule having an N- 

- — p*~ zz z: : mi,d racuon co, *°" s - fo ™«- - 

5 iu me w-temunal amino acid of th<> 
^ need for addidona, ~-'= wiii occur 

*- abou, 2 ,o 9, preferab , y from ^ ?» PH ° f * "-P0.- rcacioo is 

* «-r and oertodaro » " 1 , * *" P " ** 

« Keacsion dn.es of ,ess ta J_ 3 ^f^' " * 

—ion. and ta ,„e ease of _ p ~ ^ >«,c ,0 avoid 

reaction is at about 15 to 25V * * P refe ™Wy the 

15 to 25 C, even more preferably about 20V n. 
offuncuonalized poly^r to target is a value ore* I. ^ molar ratio 

> -"^i-zrrr 
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fold to 25-fold, m mo ,ar ratio of target molecule to periodate is preferably in the 
of about 1-fold to about 6-fold, more preferably about 2,J^ I„ a 
specie e.bodiment, Il-8:NaI0 4 :AoA was approximately 1:4:10. 

lotions contain the desired conjugate, the fractions can be T 
s-dards. Preferred seining methods include SDS-PAGE 7Z IT 
bioactivity, a^d pharmacokinetics. f ° CUSU,g ' 

Once it is known which fraction contains the desired conjugate those 
fractions may be further purified. 

w.,h the *°IT7' e ' P0 ' ,m " /Pr °^ —» can be , racUonaled 

conjee. Then, ^ [aaxm of ^ ^ P 
* » -hange chcomarogmphy. lte ^ ' ~ - 

sr tr; T" wuch fracuons hw - — 

agents can be JmoT I ' ** «* - <*««■•. 

.«* caa be removed w,m pr epa mory c0lurans , „ r m ^ 

appropriate buffers. ' 6 ™ lst 

Once the polymer conjugate is purified i( ca „ te ,„,„. . . 
methods known in the an. c '" te tested for b,0M,v,ty os i„g 

According ,o a pre f eira , f 
- o^nic urge, macromoieeoies may be citem J^^b 
-ter-soinbie orgaoic poiymen snch as poiychyiene g ,co, (PBG) Z T 
of snch protein conjtt^ „ ^ ^ „ J p^ 
confened by me a^en, of me .ater-soiobie poiymers. ^ ^ 
P^en mcinde increased so«.y in a^eona solulions , ^ ^ 
*-t s orage, reduce, immonogenjeity, incensed resistance to enzymatio 
oegmdatton. compatibiiity with a wider variety of drog admimstratio, " L Md 

denvat^ton of po,ypep tl des with PEO or other water-somhie poiym m m 
«P=c.aUy of interns, when me « „ 10 h USJd aj . » 
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— * ft. co^T m0,K " ,ai "* - — 

""""T taw eroups taw, ^ MUd 

— cirr tffecuve fa Md > -* - 

Py "* ,ra " mem ° f <■*<*» diseases have bee. used . 
eny mofeosfe, which , whe „ adm A ,hen,pe„,ic agem is 

""sease or arrests or „■,.„• . prcvenB or a 

accept *•"" A "P^aceuucauv 

:»--^^va^T;t;:rrT 
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-Stag from 6 . 8 . when used for fa yiv0 ^ fc ^ 
compose will C()mprise p(0ttin disolved h ^ ^ ^ ^ ^ 

.ccepubte P H upon mamaiturion. ih polymer conjllgare „ te ^ 
a number of excipients such u ^ ^ ^ ^ 

P^vadvcs, otter praeil , s , eIc . Speciflc ^ ' 

Po yelhoxy erhanol «^ glycol monostearate compounds- 

pol,oxve.„y,e„e sorbin fan, acid esters; sucros*; factose; dextrose; ^ 
glucose; dextran; nrarauM; sorbito.; InosM; galactito,; xylitol; lactose; trehalose- 
h»» or human sentm albo mto; citrate; acetate; ^ Hlmk , s ' 
^pbo^cy^ar^e; canine; aW; glycine; lysine; ^ 

"IT r r 7 to0 * , "- i H""*- *** «• -his forntulation' 

is stable for at least 6 months at 4*C. 

w„ • T c °'" P ° sitio " , * " '— ^ ,0 ,he ■*» ■» «** 

->« of the compound or ph^aceutical composition. Methods of admtaistndon 

I n Z ~ k,MW " " ,h0Se ° f *" h ,h ° - - * «* - 

no. Umttcd to, oral, taavenous, .ransderma,, and parenteral adminis^ation 

may be effect* continuous or Inte^enUy ,hroe 8 l,ou, the course 
o «her .reatn,^. Mahods „ fc ^ ^ ^ 

of adm.„, s ,ra„o„ are „ eU ^ . , hoJe „ f ^ ^ ^ ^ = 
compound or compoaldo, for bnatment, the pu^se of .herapy and the aninta, or 
M ben* .eated. Thia co.poai.ion may contarn other compounds ltat ^ 
the effecveness or prontote the desirabte qualities of the patricular tnrne, 

PO^on. Tbe composidon mus, be safe for adorin^on via the 
«. •» . chosen, sterile and effective. To ntaintain the sterility and to increase 
*• subilit, of a polymer conjugate, the composition can be ,yopbLed 1 
reconstituted prior to use. 

Preferably, ,h« fonnulation is suitable for parenteral admiras.ra.ion to 
humans or animals in therapeutically effective antounts. mere antounts ma, be 

models of the dtaease s B ,e of in« rat or „ vitro aS5ays 8eneIaUy 
correlating with in vivo efficacy. 
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"agent of.be invention, buffets . ° **"* ^'""alfad polynter 

*«Scnt solutions „B1 prefenb T ^ KMyS ' ^ "» 

K.te can contain «■■«• 
fc«io„a, group omo , mK ^^" «-i » 

allows the inncfo^^ ra W'ymer of the ,„ vention ^ 

-jugate), Peptidaaea foe K^" a, d "~ * * k^" 0 " * ' 

fcneuonattzanon of a targe, tnacton^e ^ * 0U ' 

*actto„ s or ,o p ro » ioe molKuhr we . {ht »* * -W» 

«*- ^ « a: tam :: s ™ zr - * 

composite,, bearing amigen tJT' ' *" ymS ' 

immunoassays Pol™., "aces such as the tnultiwell plates used in 

*— of an anaiyte, as f^l 7 ' "* f « 

is achieve by ' ^ WA ^ >— 

y the aaachmen, of raultipIe po,^^ ^ ^ a 
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s ; gna, « a subset ^ sttp . „, (he 

^anaiyre ■ rendiiy provided. . tacMn8 fol eximpk by uk of a ^ * 
to. an anaiyre binding „ or „ y „ „ , ^ » 

He mvennon „ hereta M ^ 0M ^ on ^ ^ provjdK 

b^g. Mtad » «« rt « r<1 , lldM , ^ con . ngMK of 

~. Pa*. My ta in whJch fc ^ ^ a nucto[ide 
- • « unit ,ha, is subsidy d ett c,ed by hybridan ,o a 

22221 " hmta * « - *. ~e, 

-ynre-funred, or «. ifce as i s Wn in , he an. Memadveiy. u,a ^ 
rt-r can « be derivatfcad t0 ^ . ^ ^ ^ 
other reporter group. 

Generel mMhods an, pitaciplK fcr 

punfl^on. can be found , for ^ fa ^ " 
is incorporated herein by reference. 

radius of^ Pr ° V - *" ^ ™ me "" X,! ° f SyS,en,atiCaUy «" 
redrus of an organ. Uuge, macroreoiecuie. including ,„= SIeps of „ ^ , 

de-specrficaiiyrencionaiiaed urge, „ ta ,e co„,pris ta g a flL oxj 
fonnnrg s ro„p, „ , ^ „ fc 

~ *"* ^ "* — * * — h .opoiogy bo, no, n.oiec.ar 

-cuve o te firs, o^ne-forerin, .map on Una ^ m acron,oieco,e, and Z (c, 
***** ,ho fnncionaiized Urge, reacroreoieeoie separa,e,y ^ ^ ' ' 
renconaUaed poiynrer via . ^ ^ 

— " ^- • ** a sertes of conjo^ J2 
* s,=ps (a) and » are performed in any order. !f desired one can idendfy a 
henge « S,o k e, ndios for eacb conned poiynrer in - seHes. prefc^ y 
7 ~ melh0dS - * — « «- inciode correia^ l6e ^ 
, S Kkes n d, U s .i,b . obange in a bioiogicai or pbyaica, propeny of lores, of a 
^e, nacromolecnie. fc melhod ^ 

b».o 8K a, or pbyaicaf p ropcny of ^ , g ^ ^ 
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therapeutic efficacy ikp in • • 

y > use m an in vitro assay sv«em ■ 

fanning g I0llp is mcm '- ™'nt>]y. Out second oxtae- 

weight. 7 the Stokes rad '«, not to its molecular 

* S,o te J* m °' KUlK * ™ «— «- of a senes of 

»■»*» siie, whe reta each anached « . , Chemosel « i ™'r arched a, , 
» - — . Ho^, ' — • aa ,he o^ 

- Uugh, herein, „ ne ra „ n w **■ ~» - » »*i n, a c roTO ,ecu,e 
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physiological pH, a decrease in the immune response generated by the native 
protein, an increased pharmacokinetic profile, an increased shelf-life, and an 
increased biological half-life. 

By systematically modifying the Stokes radius of a target macromolecule 
partrcularly a pharmaceutical^ important protein as taught herein, one can in turn' 
systematically impart changes in the pharmacokinetic behavior of the molecule 
which will enable one to more readily create and identify those conjugated 
molecules having enhanced or desired behavior or therapeutic efficiency. Thus 
functionalized polymers having different polymer topologies while keeping the' 
molecular weight (average) constant are provided. For example, a family of 
tunctionalized PEG polymers of similarly weighted PEGs with differing topologies 
are provtded such that the Stokes radius, and thus pharmacokinetic behavior of a 
biologically important target molecule, can be changed in predictable and 
reproducible ways. 

Kits are provided that contain a series of functionalked polymers for 
attachment to a target of interest, wherein the series comprises polymer constructs 
of sundar molecular weight but varying in the number of polymers present in the 
construct. For example, a series can comprise constructs of a 40 kD MW(av) 
polymer, and multi-polymer-containing construct of two 20 kD MW(av) polymers 
four 10 kD MW(av) polymers, and five 8 kD MW(av) polymers. 

The present process is advantageous because the attachment of polymer(s) 
to a target is predictable and selective. 

A further advantage of the subject invention is that macromolecules e g 
polypeptides, modified by the reagent compounds retain a greater degree of 'their 
b.ologrcal activity than when the same target is modified to the same degree by 
joining water-soluble polymers by employing non-oxime and non-site-speeific 
chemistries. Thus, the subject invention provides for modified targets that possess 
the advantages associated with the conjugation of water-soluble polymers while 
minimizing the loss of biological activity associated with the modification. 
Consequently, the targets that are more highly derivatized by the use of multi- 
polymer functionalked polymers, and thus possessing the advantages associated with 
the higher degree of derivation, can be produced that have the same level of 
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biological activity as polypeptides deputed by wa ter sol h, , 
extent. Y ater " soIubIe Polymen to a lesser 

An additional advantage of th* 

-* -ive — can w wjlh JL^XtT W Caibama,M ' 
Mraxyl 6ro»p s , phenolic _ _ 01lKr than P™^ amines ^ 

- — « ^ by jri jt* "~ tiM — - 

«««*. can ^ „„ « ™«. The oximation 

yidd ,„„ *P-W by » of the essen,^ 

** substanliaUy « , bv ,„„ ""^ Pro dac t typically 

- »P*or „ yoro , y ,ic ub ™ ^ *- « aPPUad. Oxime Un^es 

* o, »e Ufce. oJL ZZT^ ^ 

»*m, y sis. ^ ro £ » « common,, sobjec, „ eiEymal . c 

demons,*,.* b he a complex „ des^ble. As 

aova„ ag eo us for p^T, raC,i °" " ~> ™ - * 
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capable of forming oxime linkages. Because of this flexibility and the absence of 
the need for reversible protection, the design of polymers and targets extends to 
both artificial and natural molecules and their derivatives. Polymer-conjugates can 
be de S1 gned to improve solubility of peptides as well as present peptides to receptors 
or anybodies or the immune system of an animal in multi-valent and/or constrained 
forms. Polymer-conjugates formed from synthetic or recombinant polymers and 
target macromolecules have the additional advantage of being virus free. 

Accordingly, preferably the functionalized polymers of the invention and 
the methods provided herein allow a poly m er to be conjugated to polypeptide and 
protem derivative by a condensation reaction between an aldehyde and an amino- 
oxy compound. Most preferably the complementary reacdon is between a aldehyde 
or ketone and an amino-oxy-acetyl. In all cases an oxime bond is formed ' 
The present invention provides further in vitro use of polymers, such as 
PEG. A functionalized polymer can be used to "tag" a target molecule and thus 
enable the molecule's subsequent detection and or quantitation in a number of ways 
Most simply, the attache, polymer allows one to perform a simpie size separation " 
that wdl separate the polymer tagged-target molecule from other molecules in a 
muture. For examp.e, one can readily follow the modification of a target molecu.e 
for the production of desired functional sites as measured by the ability to react with 
the reaenve functional group on the functionalized polymer, which is i„ turn 
detected as the appearance of the polymer-tagged targe, It is now readily apparent 
that deferent physicochemical properties of organic polymers can be taken 
advantage of in this way simp.y by changing the polymer. Por example, a sUghtly 
hydrophobe polymer would allow separadon based on hydrophobic^, or one can 
use a polymer binding column that then selects for or against the polymer-conjugate 
as desued. In addition the polymer can chosen, or modified, so that it can be 
d^Uy detected. Tnis unparts the advantage that the polymer may contam multiple 
detectable sues (or repeating units), such that each site present in the polymer binds 
or .s recognized by a detection system, thus resulting in the amplification of 
detect™ signal. Branched DNA ("bDNA") containing reagents exemplify the case 
where* each polymer unit, in this case a specific nucleotide sequence or repeal 
sequence, is detected by specifically binding a second measurable reagent (Urdea " 
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l,on P^ented herein, the appearance n f »k» 

: k *— * « p«* ~* no, ^7 - — « 

*" — « — no, be ^ b ^1 " ° f 

°my .he copper addnc, could be idendfed or h „ ^".erry since 

However. fc appeMnce of (he J^"* — 

EXAMPT.T* 

feXAMPTF I Binaiaaaijzatisn pfM e tl , „ 

«— 0 was added dropw^ 0 7 " "** ** 
«tupwise aunng lOmin under refln* tk. • 

* «,. co „,ed to ^ ' ren "*; »• was hea,ed 

*e„e was evapora,* in vacuo The T "'" 0C ' ,,0n ''* : ^ °" 

K rv, . , ™* rc!l<lue was dissolved in CH,n a- ^ 

K 2 C0 3 and filtered. The flnnue was ,rea,ed win, „„„,„ " 2 2 ' °" er 
Preciptottd b, cold elhe, ,he , ° X '* (4 ° 8) and 

a*- 4.6 g ( o 2S , ' ^ « ™- "°™ » Whexane; 

To a solution of MPEG*-* <-i t* 
,« mrt ^5KD- c « (4g, 0.8mmol) in DMF on 

azide (8mmol) was added and fh» • • . p0ml)l sodium 

' aaea and th e mixture was stirred at nn° #■ 

was cooled, filtered and the DMF evan , * • ' 2 ^ 71,6 so,utio « 

rdtered and ~ ~ * — - - up in 

toluene /hexane ; v.! 3.^^ ^ ^ ^ 

(0-3. Z^JZZT* m absolute ethano1 (100 ^ ™ 

Polymer was recrystaUized frol Z^ "™ h 

MPEP wtr t0,Uene/he ^e; yield 3g (86%). 

^05^-^2 (lg( 0 2 Boc-NH-O-CH 
were dissolved in DMSO M m n *, c H 2 -COOSu (O.Smmol) 

-hylmorphoune and he H ZT ^ ' " "* * 

™ture stirred over nigh, MPEG-NH 2 acy, ation Was 
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controUed by the quantitative ninhydrin procedure (Sarin et al. 1981 Anal Biochem 
117:147-157) on a lOul aliquot of the reaction mixture. The modified MPEG was 
then recovered by dilution with 5 volumes of water, followed by dialysis a-ainst 
water, dialysis and lyophilization. The Boc group was removed by dissolving the 
product in 10ml of TFA for Ihr at room temperature. TFA was removed under 
vacuo, the material was talcen up in water, extensively dialyzed against water and 
finally lyophilized; yield 0.93g (93%). 

The same procedure was used for the synthesis of AoA-NH-PEG 10 m and 
AoA-NH-PEG 20 m from corresponding PEG-NH 2 . 

EXAMPLE 7 Functionaliratirn, of Mnh^ wt u y ^ „, vcn , rf 

Boc-NH-0-CH 2 -COOSu (86mg. 0.3mmol) was dissolved in 1ml diy 
DMSO, added to a solution of Ig (50umol) of NH 2 -PEG 20kD -NH 2 in 4ml of the 
same solvent and the apparent pH adjusted to 8-9 with N-methyhnorpholine The 
mature was stirred at room temperature overnight and acylation controUed by the 
standard ninhydrin analysis. The solution was then diluted with 5 volumes of 
distilled water, extensively dialyzed against water and finally lyophilized The Boc 
group was cleaved and the material further worked up as described in Example 1- 
yield 0.9g (90%). Conjugation with this polymer leads to dimer, e.g. "dumbbeir 
formation. 



EXAMPLE 3 Fnnrtinn al ization of Metho xypoly^ vlene n.v™,- 

To 2.0g (3.9mmol) of Z-Lys(Z)-OSu was added 4ml ethylene diamine 
(60mmol) and the mixture stirred for 2hr at room temperature, where Z is 
benzyloxy-carbonyl. The coupling reaction was quantitative as controlled by 
analytical HPLC on a C8 column using a linear gradient of 0-100% B over 50min 
(t R - 41.5min instead of 48.5 for Z-Lys(Z)-OSu). The coupling product was 
purified by flash chromatography on a silica column equilibrated in CHCl 3 /MeOH 
(9/l,v:v) and dried by rotary evaporation to yield 1.4 g material. The product had 
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.... -SKSKT? 01 "" was — * — 

WLC column ^ • ' % * A on a prepare 

25mm i.d. (Nucleosil 300A 7um r* w v 
Outage,, Swtaatad, rcfa. , to , H ' C8 ' MKtm > 
a «o» of 3ml/min ' ^ * «■*« f ™> <° * «0«B over 30mm „ iIh 

by ESM (Mlcd M+H _ ^ ^ 2 ^ ^ ko 
ovcmi.hu T* e ca U ,u„ .... ... " J ""° 8 ' :n; " K ' ' Wre-semtion 

apparatus 

* F**. was pu^H/^T T ***" * ~"- 

»«> * pll Z cnZ 1,0Phaiati °" W * 

Ml* WaSChmn — ^HSM S :calc,M + H,m/ z 360.2; found m /z 

COOH !1C <CH2 ^ NHC °- CH ^ N «- B - "as acvtated wilh p- 
' FEG I0kD-COOH, and PEG 20KD-C00H 

^^r:,;r^ r 'r sa> - cooH 

to apparent pH adjusted ,„ tt o • T ° m6 ' 1 °°'" nol) " ere 

Urn sm^Tlv! to — stirred 

— - was .nen IT ^ ^ - ~ • * 

ftored am, appUed m, a * !*" ^ dMW 'ater, 

n^ I ,^ S ; f « — ~ed in water. ^ 
lyopmlired. *" fn,C "° n " ilh wa«r and was 

tore. TFA was removed under vacuo, the materia] was 
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token up in water, extensively dialyzed against water and finally lyophilized (yield 

peg v~r? was ^ by acyMon ° f *• **• **>*■ «*» 

^'JiokD-COOH, and PEG 20KD -COOH. 

4 B m Mafa of M,^,^^, n^ys w^ 
MlltoalaB T inhr-r Ana-r. v T fPF-r ;Uja ^nrj 

2-(L,s(Boc))5-OH was used as surting material. The peptide, once the 
Boc-gtoup was removed. resoboOtod to IOm M HC1. reiyophfflaed ^ lhen was 
complex acyiated wi, h 2-fo,d excess of K=G 5kD -COOH to DMSO to the 
presence of HOB, and DCC. The teacion nrixbar. was ditoted wi,h disced water 
dtalyzed and the sol* fracdon taher purified by ion exchange ctaotnatogtaphy ' 
on n DEAE-A25 an CM-C25 Sephadex coiuntn. and ^ ^ Z .^Z 
cleaved by 2h HBr ^.naen, and the prodra was ta ^ ^ ^ 

The extent of funcuonahzation C0 „ Id be esaJoaIM , by of 
amtnooxy groups with TNBS a, 495nm, and was foand ,„ be *)%. 

« m k A ^ *"* "' r0dUCed in ^(av)" and 
391CD) by m odfflcad„„ of the reducing sugar by reduce amines. 

Dextran^Qjjj (]g, 25umol) was dissolved to anhydrous DMSO {4 5tnfl 

Mta* and crushed 4-A „,o,ec„,a, stoves COGng, were added . „ 1 
Hushed w„h K 2 and dren seated a™, tocuba,ed for 24h a, ,7-C. NaBH 4 fgj 

* r! the — - ^ - - — 

' ' C 71,5 V,!C0U5 !Ol0ti<> " «* «ih«ed with 5 volumes of water the 

pH adjusted to 5.„ by .he addition of g,acia, acetio acid. extensive* ^ 
agamst ^ a^ter a,d finaJiy tyophitiacd to afford SOOmg (80S rec„ veiy 0 „ ^ 
based on staring dexuan). The yiekf of mncrionalization waa esttotatcd fj.be 
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absorbance of the 2 4 fi-trj«;^u 

••. Methods ^T^^T ^ " ^ 
commercial MPE Wn h 2 Mp^.^ ^ *» """"> d' 

— — W a, room LJ^L - — 

~. — * ^ ^ d ^ ::™; 1 r; i ' h 5 - 

«— , uanlilalively acyhw u ro „ ; t ~ » — — 

was mm „ 20ml WA * ™ S ^ * 

— * - «, «^ ^ anJ ~ ™ ™*r v KU „. 

The polymers functionalized with a sinai* 

— w » j: g ? ,o ** -* 
r- fc -^~o r ^::::~;r bby ' fM 

termwal seouence of »h. • * "'"area by the particu ar N- 

'or *= specft c MjuEllion " » » approach 

^^^^^^^ 

» *J£2 :tT ° f " steR ,on " or M « 

NH 4 HCO, ourror a,p„ , to ""*" " ^ **** •» 1% 

*. co„ dil io„s have ™"* "" 8 « an, methionine 

oxidaUon duriog periodic ^ " " *« ° f «*- 

- ^ . r^r" 1992 ^ «— 

/W, ESCOM, I* ld en, The Netherlands). The m», t - 

Ui v- *ne reaction was 
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stopped by the addition of 2000 excess ethylene g,ycol over periodate and further 
rotated for 15min at room temperature, and the protein was finally dialyzed 
agamst a 0.1M AcONa buffer, pH 4.6. Dialysis tubing was previously boiled in 1% 
sodium bicarbonate during 30min. Oxidation was confirmed by ESI-MS (calcd 
m/z 8351.3; found m/z 8351.3±1. 4 ). me oxidized protein was concentrated up to 
3-4mg/ml and was used in that form ft* the site specific attachment of the 
runctronalked polymers to the N-terminus of the protein backbone. 

Conjugation with the p ol y m er . A 10-fold molar excess of a lOmM 
aqueous solution of polymer was added to the oxidized protein, the pH adjusted to 
t *** aCCdC add - ««— ** 20 h at room temperature. As shown 
» F lgUrc 1, SDS polyacrylamide gel electrophoresis clearly demonstrates that a 
homogenous conjugation product corresponding to the attachment of a single 
polymer chain is formed. ^ molecular weight of the conjugate is directly related 
to the sue of the polymer used in the coupling reaction. 

The conjugation product was purified by ion exchange 
chromatography on a Pharmacia MonoS column equilibrated in 25mM AcONa 
buffer, p H 4.7 using a linear gradient from 0 to 2M NaCI over 20mi„ followed by 
reverse phase HPLC on an analytical C8 column using a linear gradient from 30 to 
MSB over 35 min (Figure 2). 

Imfeajgiy jtY of gmiu at s . Tire biological aaivity of H-8 
was opined by . hlllnan neulrophil 4.^^ ^ a ^ 

Boy*, chamber as already described (Ribaudo and Kreoaer (1985) in PracdcaJ 
Melhods and Oinical rmnrenolog, (Yoshida T. ed.). pp. Hd-m. ChnrchiU 
Lrvmgston, Edinburgh, U.K.). 

M r,„ ^ "" 8 Sh0WCd M ECj0 ° f 2 ™ < concentra *>n corresponding to 
50% of the maximal chemattractant activity), all investigated PEG-derivatives 
(PEG 3a> -, PEG IttD , p E(W> ^ (PEG^.n.g ^ were 

hown to have an activity of the same order of magnitude with an EC M ranging 
between 3 and 10 nM. S 

BmmQkm^Jm. M and its derivatives were iodinated under 
condmons, which have already been shown to retain full biological activity as 
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detennined by neutrophil chemotaxis (Grob et al (199(» j p- , nu 

8316). ( " 0) J - BloL CI »em. 265:8311- 

Briefly, approximately 0.5mCi of Na'"l ™« m - ^ • 
Polypropylene tube with 50 al of n in , " * 

of H-8. Tbo iodinaZ J *" ^ » « 

wdu*Uon was ^ by addhion of „ ^ rf ^ 

Following a 90-s incubation at 20°C the ioH?„„- 
terminated by addition of i< . ,o WU C ' the lodm a&on reaction was 

y add,t,on of 15 „I 0 f 2mM sodium bisulfite and 10 „1 of m / / , 
potassium odide The 4J M of 50 ( v/v ) 

owe. Theradiodmated protein was separated from fa*"* 
column (Pierce) equUibrated in PBS a „H ° m free 1 on a GF5 

containing 0 1 % Lin. !f PrCV10USly ^ the — * 

SU,1S oovme serum albumin The snwifi,. 

«* range of 5-10 mci/mg proteU , ^ obtained was in 

m I-labeUed 11-8 or its derivative was injected as a ho, • u 
vein of female Wistar rats nn /u n , ° IUS 1X1 the ^ 

wistar rats (10 /xg/kg) and samples of blood coib*f~i 
example 8 collected as described in 



The curves of relative blood levels for ti 8 dco „ 
WWH and (PEG JMU ) Lvs II « ,v * 2MM » IM- 

PS* 7 rw Gj ^ s - 11 - 8 i"« intravenously to the rats are shown in 
*»g- 7. Conjugation of a single 20kD Pvr ,u • u . 
area under the pharmacoH , ^ "° bfluencc <>n the 

(PEG ) ^f^ 0 ^ — Most important the dumbbeU and the 
(PEG^Lys-denvanve considerably increase this area 

aPP^ately VT*' 7 ~ ^ — *« ^ — of 

No tamable differences »ere obseived in ,h. 
•monjUprotebdertvaivB bul „„„ , ° *° appam " seC0 " J 

"Oioacivi,, ren^ ' , '* * ^ 

Application of the same methodology to the mnrf.fi. 
Solves the removal of Nt,™,- , • ™dtfication of G-CSF 

removal of N-terminal methionine, to reveal the thmo • 
as weU as serine in case of II 8 th« „ , , * WWch WiU 

case ofll-8, the target for periodate oxidation. 
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-due was specifically reeved by e. ymatic digestion with 

(EC 3.4,1.2). G - C SP was conce„ trated t0 5mg / mL fa a Tri5 
SOmM, 0.3 % sodiu* fcaryl sarcosinate, pH 8.0 buffer and then incubated with 
aminopeptidase (enzyme/substrate ratio, 1/20) for 20h at 37T in ,k 

r m 8C12 , r ™ SF Md ^ Md 

»h,b«ors were added ,o proven, any e,enva 8 e o, „. p,,,^ ^ ^ 

pro,=c Iyu = e„zy„,o prKcn( ta 
pr.pam.on. An.inopepUdaae „aa fc. tactic b y adding EDTA a, a 10m M 
concenuaoon and ,„a aoWon dia lyz ed a. 4-C versos Tris Mm M. pH 8 0 and 
warerand to ra2ttrill fmalIy ^ by ^ ^ ^ * - 
250x IOmm , d . Nucl£osil C8 ^ King a flow of 

by ESI MS. IT,. ES. mas! specunm tw0 series „ m ^ 

r^S. ,hemta0r0 " S,0Ma —<^-— ^-d 

d^vcd » a 0..M sodiom pn0!phaK buffer , pH 6 5 „ 

6M ^ e M .r^ and oaidadon ^ wilh . S , M ^ 

over , te po.ypapUde. ^ IOmi „ of ^ a , _ ienipera[ure > 

™ periods,, was de^yed w ith a ,000-fo.d exeeas of e„,y tae glycol ' 
^^«— * HSI-MS Mod., m /a 18773 . 3; found . J' ' 

add* ,o to — dUuttd with 5 volumcs of „ !M °~ 

«— , OM ^ eidorido and „«d ,o one voW on a Ce!^ 
rn«n,ra«or. M „,io„ and concan^on was repea,* a second dme 
- *en adjos,* ,o 3.6 and , second 5,o,d excess of AoA-NH-peg added al 

" ^ a ' ~ * «— "as diaiyaod a^, . 

On*, sodian, pho!ptae ^ pH „ , o ^ ^ guanjdjne ^J- " 
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~. PH ora I3 m ,; P ^ * Phosphate, 5, 

25% of a third buffer containing 25 nM S ^ nt t0 

-ith a flow rate of 0.6 m „ min . ^ 50% "eOH p H 7.1. 

ttm "" US ° f P™*. Mowed by "7 fM aCUV **>" =>' d. N- 

molecular weigh*. ^ ' mm ""» ° f fc"«onalized PEG of differen, 

« — Ok reacion was aoJd K T^"^ **" ' h tatatio " 

—» was „*„ ^ "~ ^ * * „ f soUd EDTA. * 

* — — - -crr u :: NaoAc ^ - 

P°'y".er waa added ,o lh<! * ^-^EO. A 10-,„ ld ^ of 

* P^eolT " w " "T* " ^ k K *"° «• 
^™o 6nphy usil , s . ~ — ^— b, hydrophoMc 

c*jl coiumn c2 °° x4 ""°' 5 ». •«*, 

Phenomena column (600x7 8ram) ,1 • " * ^ fi " n "° n °° * Bh ^^-2000 

x7.8mm) and ion exchange chromatography on a Mono Q 

/. Clin. Invest. 85:1694-1699). 
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TO. bioassay allowed the evaluation of the biological activity of modified U-l„ by 
us^g a 1000-fold excess concentration of H-l ra or its conjugate over fr* to study 
the of the 11-10 ^ced biological response. Table 1 presents the results 

of one such initial assay. Tne PEG^-des(MRP)Il-l ra form listed in Table 1 is that 
denved by enzymatic cleavage and periodate oxidation as discussed in Example 9 



Table I. In vitro <»f^^^ 
PGj P rodu <*°n (ng/mL) in two fibroblast cell lines. 



Reagent 

Culture medium 
Buffer without protein 
Il-lra 
IMra(tr) 

PEGjouj-IL-lnKtr) 
PEG^-desCMRP)!!- 1 ra 



Dermal fibroblasts 


Synovial fibrobladS 


325 ± 85 




239 ± 30 




317 ± 69 




276 ± 67 




8.6 ± 3 


(100%) 


< 4.8 


(100%) 


21.8 ± 6 


(96%) 


< 4.8 


(100%) 


219 ± 37 


(32%) 


98 ± 16 


(633) 






48 ± 14 


(84%) 



no. carried out on the Z^TIT ^ °™ """ 1Sh taUtal 
-•r- is tnmsamtoaled fom «°se-response curve. is not determined. 



As show, „, Ksures JA> fBi ^ 5( . curra) fc n ^ effet ^ 

■nhtbtted tn a dose-responsive r^rmer by all conjugates, and an IQ. v^e 
conccnUfUon necessary to bloc* 50% of response, was WmcfameIy 

5A), PEG,^,,-!* (F.gure 5B>, and PEG^Mn, (Pigure 5C). ^pec,,^. 
C0njoga.es were prepared by tnrcantutation ntethod. «. , Cjs value for authentic 

« ■ h dedoced from these resn,,, though higher with the PEG derivatives than 
wth the nattve proteb. ^nains in ail oaaes in the range ,0 to 500, the range 
Ocacrtbed in the literature fo, „-!„ (also designated as the phannaceutical Anna, by 
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Nature, 194:495-496. th • Greenwood, F.C. (1962) 

yus bv the addition of 30 ul of a 5 % tn,/»\ a • 
solution and 25 „1 of a 50SS /•/ \ r^r ( } S ° dlUm bisulfite 

^ted f rom L - a « " ^ * - -* - 

Piously washed wi* 1 ^ » «» - 

y Washed w,th «•» same buffer co ntainij)a Q . 

Pnxeb were i„ jecte<) „ , . . 7" A W™dy 50 „ „ f n,.^ 

„„„ e t>lood ,ey els for Il-lni per- „ . 

As can be derived frora . ' " ™ m C ° m *"« " 6A and 6B 

* Arnrii. The appMnl ^ " J * "° derivatives and lhe 

longer tan tat for ,he nnmodJL WCre %«ifican,l y 

H*WHm, and 20 mta . : r ^ * * — " M * for 
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No detectable differences were observed in th, „ 
amongst all three proteins ^ . al] a . , , " ™ «*»d T. 

^uicuis, ana in all animals less than i <z »u • . . 

radioactivity remained J„ • , • S iWS toM 2 % of ^ uutialiy observed 

ivuy remained in circulation after 24h 

-Uvi,,. This « ' a . T ^ "* ^ ' ****** 
one would expect a further tana* of T m, , 

decrease in specific biolo,' , " "^'^ a<Wi[i <»»' 

specific biolo E ,caiactivi.y. For example, addii,. a 40 kD^i 

* ote *«*. (co mpare Fibres 5A 5 B a J 5 o J '° 

- Piaced s lt e^X; h :i° ^ „T " * 
PEG ti o l j , y the N - tenn "™ of 11-8, the resulting derivative 

Enzvmafir ri eavapp of M 

Removal of me^wT^^"^^^^ 1 ^^ 
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cm was therefore incubated 20h at 37V »r . in , , 
concentration in a wimu j- ■"'«.«» 30mg/ml 

■on tn a 50mM sodium phosphate buffer 
enzyme/substrate ratio of MC, Then! • " 
Biosep-secs.2000 PhenomZ !T ™* ^ * * - «■» 

c^ce^on b, ^~: n / ^ * WlC ** 

«- ana.o.ues coufdt ^L°l~" "™« • 

"0872.1 D); and two ml *»*»>IHii (calculated value 

ano two minor ones, one (16785 uhhi. 
darMet-Arg-Pro-Sertll 1„ , "°- 1 ±»-5 D) corresponding to the 

0 W. D, I6785 ° «* - * other 

consist. „ llh me ' J ""■» - 

-yme. Neverme^ °' a <°~< » me commercial 

«— H-lra protein solubifced in a ^ T" " ^ ° W "» 
conditions as described ha J" W4HC03 '"**'• «* «« 
»- « N-termmai aetiTe ' * iS " mi " S *" 5 °* 0f «» 

protein material 

*— - room CL rt" 8 T 10 " "» "* * After 40h 
— than with the transamhjd p^L ^ ~ Sh °»" » - 

*d es(MRP)n. lra IS presented h TabJe j above 

1PLE in, BtasUanaiizatiQii 0 f M M h 



J 
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Tlus multivalent linker is comparable to that described in Example 3 

by ^c T " DMS °- ^ m ° n0SUbStitUted - *— 

by HPLC hanctenzed by. ESIMS (calcd. M+H, m/z 319.4, found m/z 320 6) 

no COOH (1.2 molar exeesa over remaining amino gr o Ups) in DMF in 
* ol e^noUr amounts o, n^otria.te ^ DCC . Uc solution 

punfied after extensive dU, y sis against distffle0 waBr by .„„ 

(CH J )2-NH-CO-PEG 
I 

^N-O-CHj-CONH-CCHJj-N 

I 

_ . (CHJj-NH-CO-PEG 
Condon , oxidi2ed m ^ ^ ^ ^ ^ 

for ,„e m*ar PEG po„ mCT , and lhe ^ 

« P«=«d»re, as shown i„ Rgure , . " ,he 

^^"^^^^ 

fo m „- " *' mmStt " a ' to ,te *°™ ■»«*>"*. side ■eac.ions during oxime 

H-«er, one-pof reactions ^ nevenhetea te deaimMe i„ order ,o minimize 
tadUng, and mos yW ds. cordon, e, ui pme„, ^ Kc ., as „ e „ , ™ 

1 : d 7r? y amo " 8a — - - £S 

«. » factae deve.op.em of toger scate and commercial produerion as weU 
« -** use tfdiagnosUe me^ or kits. M W as mixed all samHm * 

«-« and after an appmpriate reaction p,^, wllh n0 J 

ZLTT tt " 8 ™ bi ~ - iB N ~- - 

.he reaeoon prog*,** . pHs 8 , 6 . 5 ^ A , ^ 
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"P" at acid pH. Additional!, J_T ■*"**"*■ h -» 

«— * «ce*, mi8ht ^ — * . 

In a ty p ical .-.^ ^** d to tave "^ed «"= period,*. 

- q-nched „ ilh 4 „ of , 0M ' ^ «~ »— V of ft. ration mixtm 

- * position „ Ihe ^ — « peak 

«c*» when isolated*,,* the ne P^«of 

*- - P^ Ch OTtal Coip , °"" <WWCh ~ **" 

P-oceaa as folows. Fml> " - — b y a lw0 step 

lysine (NovaBiochem, 4448 l^wr ° f ^-^"^acetyl- 

Waseca et ai. ,,993) _ , "* 4) - modlflKl « Scribed 

externally on moist 

narrow-ranpf ntr PP ari ent pH as indicated 

«. and Ihe resutan, «,,„„„„ „ feft 
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ovenught at room temperature. Subsequent thin-layer chromatography (Vlaseca et 
ol (1993) Bioconjuscue Chem. 4:515-520) of a small sample showed that little or 
no mnhydrin-posiUve material remained. Residual hydroxysuccinimide ester in the 
react™ mixture was destroyed by dilution with an equal volume of water and 
Nation at 37'C for 1 hour. The mixture was then further diluted with 32 mL 
water, cooled to O'C, and brought to an apparent pH of 3.0 (glass electrode) with 
acetic acd. The solution was then divided in two, and each half placed on a 
Chromabond 1000 mg (Machery-Nagel, Duren, 52348, Germany) equilibrated with 
0 1 % aqueous TFA. Each Chromabond was then washed with 20 mL of the same 
solutron, and eluted with 4 mL of a mixture of 0.1 % TFA:acetonitrile, 4:6 (v/v) 
Acetomtnle was removed from the eluates in a current of filtered air, and the 
remammg liquid removed by vacuum centrifugation. Second, the trifluoroacetyl 
group was .moved from the e-a.ine of the lysme by adding 3 mL of water to each 
of the dned down eluates, cooling to 0'C, then adding 330 „L of piperidine. Tne 
muture was maintained in an ice bath with occasional agitation for 3 h The 
reacuon was stopped by the careful addition of 500 „L of glacial acetic acid and 
soluuons could be stored frozen at this point. To condnue the procedure, each 
m^re was diluted to 10 mL with water and the pH adjusted with acetic acid to P H 
3 0 (glass electrode) if necessary . ^ ^ ^ ^ ^ ^ 

a before, except that (a) elution of the wanted fraction was carried out with 4 mL 
of a mixture of 0.1 % TFA:acetonitrile, 7:3 (v/v) and (b) for each Chro m abond the 
matenal passmg through unchecked was pooled with the subsequent 20 mL wash 

ZZZTT S6COnd *" ° Ver ^ C *~^ re-equinbration. 
For each Chromabond, the two eluates were pooled and dried down to give appro, 

40 mg each of the desired product N-c.-tertButyloxycarbonyla.inooxyacetyNLyshe. 

the N (BOC-AoA)Lysuie in 478 ,1 of DMSO and adding 5,1 N-ethylmorphoUne 
To fc. were added 53.2 mg of the biotin compound N-hydroxysuccinhnido ester of 
LC (long cham) biotin dissolved in 478 M l DMSO. If either component was 
reluctant to dissolve before mixing, all went into solution afterwards After 18 
hours at room temperature any excess active ester was destroyed by adding 956 ,1 
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N "HC03 (1 % fa WJler) ^ . 
«fiUb ra ,ed in 0.1% TPA ,he J 

- ch,cn,o.i% m "ti ° T " i,h 20 ""»« »*. ». 4 * 

">J*ted « a (fa^ 0 „ h . * ^wnfugation and I ml was 

wi, ;; 0 "~t *~ * — « 

,o 40% fa te te f ^ S0 ' VMt *"*«• ^ve, Md lhis was 

* — ^ of 1,. ^ ^ Wa! * — W Peak o„ 

»W ^ After 43 n^^frir ^ * "'^ ' - " 
a ftmhe, ponft^. SOh "">" »as dried do™ ^ used ^ 

hydroxy! 8TO p (WW, « ; ' ^ * - 

"Todoeed by aey. at fa s pa;' _ 22 ' 341) ' ,te «* ftmedon W! 

^^'•-a^pHadir^Mlr^^ 
the m «tu re 5tined *»* M-Methytaorpholine and 

BXAMPTP n r ^^^ 



Another approach to modify G rsp 
with a linger bearing the AoA Z "» action of 

AoA function in order to place a reactive AoA at 
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^position, m the case of G-CSF there was only a single Cys residue. For this 
purpose was used the linker compound 

Boc-NH-O-CH.-COHN-CCH^-NH-CO-CH.-Br 
The Boc group was removed and the linker rapidly added at a 20mM concentration 
to rh-G-CSF solubilized in a 0.1M phosphate buffer (Na), pH 7.0, 5mN EDTA and 
6MGUHC1. After 30 min. incubation, the solution was acidified. The alkylated G- 
CSF was purified by reverse phase HPLC and characterized by mass spectrometry 
Med. m/z 18971.8, found, m/z 18978.2 + 7.8). The protein was then resolubilL 
™ buffer (0.1M Na), pH 4.6 containing 6M GnHCl and reacted with a PEG- 
CHO (from Example 12 above). The extent of polymer conjugation was 
comparable to that obtained in the two-step coupling at the N-tenninus described in 
the previous example. If the alkylation with the preceding linker is performed at 
higher pH values (e.g. pH 8.0, P H 9.0) histidine and methionine residues will also 
be modified. 

t AMPLF. 14 g; t ».e rHfi . Mn dificaffnn anH r„„; ugat}nn ^ 
Modification and C.nn\,,o* t ; n n of rh .n.r<;p 

A small bivalent tag, containing a group reactive with a 
functional^ polymer of the invention, can be added to the protein in a large 
excess and will therefore react rapidly with the created glyoxyly, ft^ m the 
protem. I„ a second step the nationalized polymer is added to achieve conjugation 
to the protein via the tag. This two-step approach is useful, for example, when one 
washes to avoid or minimizes both steric problems and those that might be caused 
by s.de reactions. A illustrative small, bivalent tag is a bisaminooxy tag Hj N-0- 
CH,CO-Lys(CO-CH r O-NH,) was synthesized by the attachment of Boc-AoA-ONSu 
to Lys-OMe, followed by NaOH treatment and TFA deprotection (calcd M+H 
293:1; found M+H 293.9). To complement an AoA group on the protein a ' 
teionalized polymer having a reactive carbonyl group was used for conjugation. 
PEG-NH, was reacted with carboxy-(benzaldehyde)-ONSu to give a polymer with 
the requued aldehydic function for reaction with the AoA-tagged G-CSF, yieldin* 
the final product: ' to 

PEG.NH.CO- W .CH=N.O.CH ! .CO.L,sCO-CH 1 -0-N-CH-CO*M M . I „G-CSF 
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PLE 15. Synthesis nf » m ,, 1thn .j 

T . 0 . ifl ooxy linker and saamaiiaB IS the p rntrin 

Tm(2-ammoethyl)amine, used in Example 10, was acylated with 3 
~ ° f BOC - NH -°-^ C ° 0Su * »*0. The My substitute, de r^v 

rr b r? r cterized by ™ s ~* * & * - 

-/z 665.3). The matenal was deprotected by lh TFA treatment and TEA removed 

ir;;rt " ema ^- s ~--randiy 0P ^:r n 

AcoNa p H 3.6. The conjugation product (bearing two free AoA groups) was 
-lated by HPLC and charactered by ESIMS (calcld. M & H L 8 6 fou „ 
m/z 8696.0 ± 0.5). »698.6, found 

envauve, ,. e . a to-poIymtKoroining funcrtonalized 

Cher mold™,, i. e . nuM-poly^^ fo naiona)iza| 
P*». „ ». con^, especial, if ,he ata, of 

aructure rcaM ' 0n ' M "* ProKi ° 3 »f Ws 

HN-O-CHrCO-X-tLysfSerMn 
where X u a peptt„, c or noepepdaic smicrare whic „ 

caciea as desenbed m preceding examples, with PEG-AoA 

nublio,,' 53,1,6 6Xtent 35 * dividual 

pubucat.cn or patent appiication was specifically and mdividuaUy indicated to be 
incorporated by reference. be 
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The invention now being fully described, it will be apparent to one of 
ordinary skill in the art that many changes and modifications can be made thereto 
without departing from the spirit or scope of the appended claims. 



1 
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WHAT TS PT At^^p r> . 



3- The fiinctionalhed polymer of Claim 2 wherein th* « 

a first terminus and a «™ „ . • ° rg3IUC pol y mer . ha ™g 

S ^ 3 Second term ™s, is covalently attached to a to* . • 
group at its fast polymer terminus and to a second ami ^ 
polymer terminus. ^"^ at its sec °"° 

4- The fimctionalized polymer of Claim 1 wherein ,h, „ , • 
soluble polymer. P ° Iymer is a water - 

dextrin, carboxvmethvi H« vf • ' amu, ° cr °ss-linked 

. wrooxymethyl dextnn, cellulose, methvlceUulo^ M rk„ 
starch, dextrines hvdmv.*,, , "^cellulose, carboxymethyl ceUulose, 

. trmes, hydroylactes of starch, polyalklyene glycol heparin fa.. I 
heparin, polyvinyl aJcohol, polyvinyl ethvl ether/ , , ^ ° f 

propylene clvcol «,h,.~- . P^ymers of ethylene glycol with 

Hie fuactionataai p0 | yn , er f Chta 

*- C»9 or g|yco , ^ "» - »n= 
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u select from „, e ^ of po!^,^ TOltjitol , po^^ 

glucose, and polyoxyethylated glycerol. 

9. The fanaion^ po IynKr of Oata ,, „ hercta , te po, ynKr has , 
weight average of about 200 to 200,000. 

10. It, function polyraer of Clainl whereta fc ^ ^ mofec 
weight average of about 400 to 50,000. 

11. The functionalized polymer of Claim 10, wherein the polymer has a 
molecular weight average of about 2000 to 40,000. 

12. The functionalized polymer of Claim 5, wherein the molecular weight 
average of dextran or its derivatives is 10,000 to 500,000. 

13- ^ ««-oitad polymer of Claim 5, wherein the polymer has the formula 

Ri-0(R2-0)nR2-R3 
where n is an integer between 5 and 2,000, R2 is a lower alley, group which is 
straight, branched, disubstituted, or unsubstituted, and (a) one of Rl and R3 
compnses an amino-oxy oxime-forming group and the other of Rl and R3 is 
hydrogen. -CH3, or a protective group , or w ^ R1 ^ ^ ^ ^ 

oxy oxime-forming group, and where either or both of Rl and R3 optionally 
comprise a spacer group. 

14. The functionalized polymer of Claim 13 wherein the nm,~.- 

alkyl group. ProtCCtIVC ^ is 3,1 

15. The functionalized polymer of Claim 14, wherein the protective group has 
between 1 and 10 carbons. 
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16. The fimctionalized polymer of Claim 15 wherein th, . • 
methyl. * whereui H* protective group 



is 



17. Tie fimctionalized poly mer of Claim J3 . 

and 1000. ' Whercin n ls a ^teger between 10 

18 - The fimctionalized Dolvm#. r n r m ■ 

"" * fc - a -*- of a™ 18 , wherein E4 . ^ 

X is a spacer group R is hvrirn P X ' from 2 to 10, 

— ci - c, ° - ° ; 



23- The fimctionalized polymer of Claim 20 wherein X r • 

or -CHOH- in the formu,a d>)m L -X-C W . ^ ^ ^ 

The fimctionalized polymer of Claim 20 wherein I 
the formula N(R5.nh-) 3 wherein R5 ™ ■ ^ 3 ****** * 

aliphatic or aroma* L ~ 3 «* 



WO 96/41813 



PCT/1B95/01175 



67. 

25. The functionalized polymer of Claim 24, wherein R5 is selected from the 
group consisting of phenyl or C r C 10 alkylene moieties, C r C,„ alkyl groups, or a 
combination thereof, an amino acid peptide, an oligonucleotide, an oligosaccharide, 
a lipid chain or a combination thereof, and may contain heteroatoms. 

26. The functionalized polymer of Claim 24, wherein R5 is -CH2-CH2-. 

27. A method of systematically modifying the Stokes radius of an organic target 
macromolecule, comprising the steps of 

(a) obtaining a site-specifically-functionalized target macromolecule 
comprising a first oxime-forming group, 

(b) obtaining a series of functionalized organic polymers differing 
from each other in the series in topology but not molecular weight(average) 
comprising a second oxime-forming group complementary reactive to the first 
oxime-forming group, and then 

(c) conjugating the functionalized target macromolecule separately 
with each functionalized polymer via oximation to obtain a series of conjugated 
polymers, wherein steps (a) and (b) are performed in any order. 

28. The method of Claim 27, which further comprises the step of 

(d) identifying a change in a biological or physical property of a 
conjugated polymer of step (c). 

29. The method of Claim 27, wherein the second oxime-forming group comprise 
-0-NH,. 
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